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The Use of Tranquilizing Drugs in an Employed 


Population 


SANFORD G. ROGG, M.D.; GERALD GORDON, M.D., and SIDNEY PELL, Ph.D., Wilmington, Del. 


The large volume of sales of tranquilizing 
drugs reflects their frequent use in a mod 
erately large segment of the general popula 
tion.! 


Submitted for publication Sept. 25, 


1958 
duPont de Nemours and Company 


~ (Please Print’ 


Very little information has been available, 
however, that will reveal the characteristics 
of people who use these drugs, why they use 
them, and in what proportion the users oc 
cur in the population. 

To obtain information of this nature, we 
surveyed 7,629 employees located the 


During the past year, have you taken any sedative or tranquillizer 


ig, such as those listed below: 


ery triefly 
wes taken, 


Trig comple* 


More Than 
ne Month 
+ 


Figure | 
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TABLE 1 

“Yes” to the Ouestion, “During the Past Year, 

Have You Taken Any Sedative or Tranquilizer 
Drugs?,” by Age and Sex 


A 


Per Cent of Employees Who Replied 


“Tes” “No” Potal “Te” 
Men 
Under 25 4 175 179 2.2 
25-34 63 1,197 1,260 5 
35-44 150 1,221 1,371 10.4 
45-54 137 965 14.2 
Total 437 3,776 4,213 104 
Women 
Under 25 1,048 
25-34 778 SHS 104 
35-44 100 HOS 708 14.1 
45-54 gy 136, 
35 222 257 136 
Total 3,028 3,416 
Grand Total S25 6,804 7,620 10.5 


home office of 1. 1. duPont de Nemours and 


Company in Wilmington, Del. It ts our 


feeling that these people are representative 


of the white-collar population in this area. 
This group presents an average cross section 
of a business community in that en 


compasses employees working as mail boys, 


file clerks, ete., to the higher executive 


bracket. A questionnaire was given to each 
employee when he appeared at our Medical 


Division for his annual physical examina 


M. A. ARCHIVES OF INDUSTRIAL HEALTH 


TasLe 2.—Stated Reasons for Taking Sedatives 
or Tranquilizer Drugs, by Sex 


Total Men Women 
Reason Stated No. q No No 


To relieve anxiety or tension 224 27.66 92 214 132 34.6 


Ilypertension 74 9.1 52 12.1 22 5A 
‘To induce sleep M2 4 
Pre- or postoperative sed 
ation 47 8 19 6.5 
Menstrual pain or tension 2.3 5.0 
Relief of physical pain due 
to organic disease or 
physical injury v4 9.6 35 9.2 
Relief of physical pain due 
to possible psychosomatic 
disturbance 101 12.5 60 14.0 41 10.7 
Temporary nervous condi- 
tion 3y is 26 6.1 13 34 
Nervousness due to serious 
illness 13 1.6 s 19 5 13 
All other reasons 127 15.7 55 128 72 18.9 
Total SIL 100.0) 429 100.0) 382 100.0 
Two or more reasons stated 14 s 6 
Grand Total 437 


tion (Tig. 1). examining physicians were 
available to render any needed assistance 
in answering the questions. The question- 
naire was distributed between August, 1956, 
and August, 1957. 


/ 
| | 
| 
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2.—Per cent of employees who indic 


drugs to induce sleep, by age and sex 
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USE OF TRANQUILIZERS 
TasLe 3.—Length of Time Employees Reported Taking Selected Kinds of Sedatives 
and Tranquilizer Drugs 
Length of Time Drug Was Taken ©) Who 
Pook Drug 
No. Reported Less Than 1 Wk More Than More Than 
Taking Drug 1 Wk tol Mo 1 Mo Not Stated 1 Mo. 
Reserpine 32 6 ‘ 22 0 68.8 
Thorazine_- 30 il 10 1 345 
Equanil 110 24 30 55 1 50.5 
Rauwolfia 28 1 A 23 0 82.1 
Miltown 49 15 18 0 32.7 
Nembutal 26 il 2 BI 2 45.8 
Seconal 55 26 8 20 1 37.0 
Others 118 2 25 v2 6 55.4 
Name unknown 102 34.6 
Total O54 208 240 378 38 41.3 


Extent of Drug Utilization 


Of all the employees questioned, 1O.8C 
indicated that they had taken sedatives or 
tranquilizing drugs during the year under 
study. It is reasonable to assume that some 
persons were unwilling to admit that they 
We 


also assume it unlikely that a person would 


had taken any of these drugs. may 
state that he used any of these drugs when 
in fact he did not. Hence the figure 10.8% 
is probably a minimum for the total pro 
portion of users during the one-year period. 

As seen in Table 1, the proportion ot 
women employees who reported using these 
drugs exceeded that of the men at all ages 
except in the 55-to-64-year group. 


Stated Reasons for Taking 
the Medication 


Over 96% of the respondents stated that 
they were taking the drug for a_ single 
reason, the rest for a combination of reasons 
(Table 2). 


given was its use to relieve anxiety or ten 


The commonest single reason 


sion, with 27.6% falling in this group. 


Women used the drug for this reason with 


a greater relative frequency than men, the 


figures being 34.6% among the women and 
24.1% among men. While the drugs them 
selves have no known direct analgesic action, 


it is interesting to note that 9.4% took the 


drugs to relieve physical pain due to organic 
disease or physical injury and 12.50% took 


Rogg et al 


the drugs to relieve physical pain due to 
possible psychosomatic disturbances. 

Of those using the drugs, 11.700 were 
taking them to induce sleep. A. significantly 
greater proportion of men took the drugs 
for this reason, 1.806 of the men compared 
to 0.60 of the women. 


As shown in Figure 2, 


the discrepancy 
starts increasing at age 40, and in the age 
50-to-60 bracket it is 


corresponds to a very frequent clinical ob- 


most marked. This 


servation that we have made, in that very 


few women will mention insomnia as one 


of their symptoms, whereas many men will 
often list this as the first or most important 
symptom to them. 


Paste 4.—Per Cent of Employees Who Indicated 
They Were Taking Sedatives or Tranquilizer 
Drugs for Hypertension, by Age and Sex 


Yes % Yes 
Men 

Under 25 0 0 
25-34 1 
45-44 0.6 
45-54 27 2.8 
18 4.1 
Votal “4 1.3 

Women 
Under 25 0 0 
25-34 
35-44 4 0.6 
45-54 » 1.5 
10 3.0 
Total 23 07 
Grand Total 77 1.0 
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The proportion of men who took the drugs 
for hypertension was 1.3% compared to 


0.7% among women. This difference is 
significant at the 0.5 level. The increased 


z utilization with age (Table 4) is consistent 
E with the known age increase of the prev 
Length of Time the Various 
Drugs Were Used 
Q 3 In all, 41.3% of those taking the medica- 
3 Poe ea eee tions took them for a period of one month 
2 | or longer. Table 3 shows that 68.80 of 
“a = | those using reserpine and 82.19% of those 
using rauwolfia used the drug for a period 
7 of longer than one month. 
| | The higher percentages for the two drugs 
| mentioned immediately above can probably 
F 74 be attributed to the fact that they are more 
| frequently prescribed for hypertensive con- 
a] Z ditions. Therefore, it would be expected 
S| 2 | that their usage could be predicated on a 
3 | ; | longer time basis than some of the drugs 
5 | S that were used for conditions other than 
re = Stated Reason for Taking the 
3 | 3 | Particular Drug Involved 
i | i | Reference to Table 5 will show, as stated 
| | previously, that reserpine and rauwolfia 
| gs | were mainly used in hypertensive conditions. 
The other medications were used for the 
= | various diagnostic categories listed the 
|| = original questionnaire. Interestingly enough, 
| phenobarbital seems to be the favorite drug 
=| for the relief of anxiety or tension, as a 
> ‘ | sedative for insomnia, the relief of physical 
pain due to organic disease, physical injury 
4 2 or possible psychosomatic disturbances, a 
= i temporary nervous condition, or nervousness 
Z due to serious illness. This is somewhat at 
variance with the fact that nation-wide 
2% g statistics ? show a drop in barbiturate pre 
: 2% 5 3 scriptions for the year 1956 of 600. 


We have attempted to avoid any specula 
tive thinking regarding the various statistics 
collected. This study, it was felt, should be 
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USE OF TRANQUILIZERS 


the first of several continuing statistical sur 
veys regarding the use of the tranquilizing 
drugs. 

Mrs. Sara M 


Lynch gave assistance 


Rodgers and Miss M. Louise 


kk. 1. duPont de Nemours and Company 


Rogg et ai 
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Low-Back Pain 


Prevention Through Medica! l-xamination and Selective Job Placement 


REX L. DIVELEY, A.B., M.D., Kansas City, Mo. 


“An 


pound of cure.” 


ounce of prevention is worth a 
An old aphorism but how 
true in the prevention of a physical ailment 
and/or disability. 

Some seven years ago we analyzed our 
treated low-back cases as routinely seen in 
an orthopedic clinic. We critically studied 
some 3,500 treated cases as followed over a 
20-year period. 

The principal unanswered question which 
was revealed by this study was “How many 
of these cases of low-back pain or injuries 
could have been prevented by selective em 
ployment or activity?” This question has 
been the object of our study since 1951, 
and while we have reported on our work of 
“Preemployment Examinations of the Low 
Back” on several occasions, we still have not 
reached a solution of this problem. 

Our aim has been to establish a yardstick 
for preemployment or job placement where 

Received for publication Sept. 2, 1958 

From the Dickson-Diveley Clinic 

Read before the 1&th Annual Congress on In 
dustrial Health, Milwaukee, Jan. 29, 1958. 


Fig. 1.—X-rays of mal 
lumbosacral ar 


ticulating facets. 


formed 
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by history and examination it could be as 
certained that a person is predisposed to 
low-back injury or strain. 

A review of our studies at this point 
might give you some idea of our problems 
and, in turn, help in their solution. Our 
tabulation of preemployment examinations 
of the low back has extended over a seven 
year period and involved some 8,500 cases. 

Critical 


both general and low back, have been car 


preemployment examinations, 
ried out in a coffee-processing plant employ 
ing an average of 360 people, over a period 
of some 15 years, and at a large electrical 
plant employing approximately 4,700) men 
and women. At the coffee company, the 
activity most likely to cause low-back mnjury 
was the handling of 200 Ib. bags of coffee, 
while in the electrical plant, there were all 
types of heavy lifting, but with excellent 
supervision and job placement. 

The preemployment examination in both 
plants covered a thorough history with spe 
cial emphasis on previous back pain and/or 


injuries and a complete physical and special 


| 
ie 


PREVENTION 


OF LOW-BACK PAIN 


Fig. 2.—X-ray of 


spina bifida occulta of the 
first sacral segment. 


examination of the eyes, ears, and back. 
X-ray plates were made of the chest and 
of the low back in the two planes. In ques 
tionable findings in the lumbosacral region, 
oblique projections were made from the 
right and left sides. 


hig. 4 


vertebra 


X-ray showing sacralized last) lumbar 


Dizveley 


Fig. 3.—X-ray of supernumerary lumbar ver- 
tebrae 
These examinations were approached 


more as a preplacement examination than 


as an elimination of the weak or infirm. 
These plants pride themselves on hiring 
handicapped persons provided they meet the 


qualifications of the job. They seek to pre 


Fig. 5.--N-ray of cleft or failure of fusion of 
the last lumbar vertebra (also a spondylolisthesis ) 
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Fig. 6—X-ray of spondylolisthesis of the fourth 
lumbar vertebra on the fifth. 


“able 


such restrictions 


scribe for any employee—-be he 
bodied” or “handicapped” 
on the nature and conditions of his work as 
required by any physical, mental, or emo 
tional limitation he has. 

After the preemployment examination ts 
completed, if defects are found, the exam 
ining surgeon explains the findings to the 
prospective employee and sends him with 
his report to the employment and safety 
offices. If the person is employed, he is 
then given the limitations of employment in 
writing, and if any question arises, he is 
again sent to the medical department for 
further explanations. 


Our study to date reveals the following 


data : 
Cases examined 8,488 
Male employees 87% 
Female employees 13% 
Age range, yr. 17-53 
Average age, yr 31 


The x-ray findings in this series of the 


first 6,523 cases were as follows: 


Congenital anomalies in the lumbo 

sacral region 41.1 
Normal spines 39.93 
Wear-and-tear changes in the 

lumbosacral joint 6.3 
Postural curvature 5.0 
Advanced spinal arthritis 3.3 
Structural scoliosis 1.9 
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Fig. 7.—X-ray of four lumbar vertebrae re- 
sulting in a weakness of the lumbosacral joint 

Increased lumbar lordosis 

Old compression fracture 0.7 


0.47 


It was often difficult to give an accurate 


Opaque material in neural canal 


classification of these findings, as there often 
were overlapping spinal structural abnor 
malities and/or pathology. The grouping 
into the various categories has been based 
on the most outstanding x-ray finding. 

Under congenital defects, we have listed 
the following in the order of their occur 
rence : 

Malformed lumbosacral articulating facets 
Spina bifida occulta of the first sacral segment 
Supernumerary lumbar vertebrae 
Sacralized last 
Cleft or 

vertebra 


lumbar vertebra 


failure of fusion of the lumbar 


Spondylolisthesis 

Four lumbar vertebrae 

Many cases show wear-and-tear changes 
of the lumbosacral joint, where there is a 
settling of the lumbosacral space with the 
resulting arthritic changes. 

These cases we have found to be most 
susceptible to developing pain in the low 
back, even from a minor or no injury. 
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PREVENTION OF LOW-BACK PAIN 


Others show a postural scoliosis denoting 
a correctable curve of the spine, generally 
due to a tilt of the pelvis, the result of a 
short limb. 

Of interest is a comparison of the statis 
tics of the studies of the 
preemployment examinations with our re 


X-ray present 
ported series of 3,500 patients who sought 
relief in our clinie for low-back pain and/or 
disability. 


Preemployment Low-Back-Disability 


Examinations, ©; Series, % 
Congenital anomalies 41.1 31.1 
Arthritis 3S 15.1 
Negative x-ray findings 39.9 13.8 
Postural defects 5.0 3.3 
Wear-and-tear changes, 
lumbosacral joint 6.3 
All others 44 24.4 


On the basis of these examinations, em 
ployment was refused to 3.8% of all appli 
cants and 12.7% were assigned to limited 
or specific duty—duty which the examiner 
felt could be handled by the applicant with 
out the risk of causing injury to the lower 
back. 

Also of interest is the fact that over the 
period, with the increased efficiency of the 
preemployment examinations and past ex 
perience, the number of applicants rejected 
for employment has increased and the num 
ber of low-back cases reporting to sick call 
has decreased. 

Three years ago, 2.20 of the applicants 
were rejected for employment. Two years 
ago, 3.60 of all applicants were rejected 
for employment and 12.5¢ were placed on 
limited duty. Last vear, 5.5 of the appli 
cants were rejected for employment and 
11.36 were placed on limited duty. 

Statistical data have proved that the pre 
employment or preplacement examination 
has saved the employer a great deal of 
We feel that it has also been bene 
ficial to the employee, as this method of 


money. 


employment has placed him in position 
which he can fill without undue hazard and, 
secondly, has made the employee with a low 
back defect aware that he has such a defect, 
and he is careful not to aggravate it. 

excellent example of what 
done through selective placement of persons 


Diz eley 


can be 


with low-back defects is afforded by the 
case of a man who applied for employment 
some six years ago. He had marked wear 
and-tear changes of his lumbosacral joint, 
with a prespondylolisthesis, which would 
definitely preclude his employment for reg 
ular duty. However, he was qualified for 


He has had 


no difficulty over a period of six years. 


a specific job and was hired. 


Observations 

1. Those applicants for employment who 
are found to have architectural defects of 
the spine were apprised of the condition. 
Most of them were not aware of the weak 
ness. They were cautioned to avoid heavy 
lifting and were schooled in the protection 
of the low back. Most persons were most 
appreciative of this advice. 

2. It that the adolescent 
male should have a careful back examina 
tion including x-rays to ascertain any seri 


would appear 


ous congenital architectural defects of the 
spine. If such defeets are found, the per 
son can be advised to study a profession or 
trade in order that he might depend upon 


his brains and not his back for a livelihood. 


Summary and Conclusions 

’reemployment physical and x-ray exam 
inations of 8488 cases have been made and 
analyzed and the results categorized. 

Of this series of S488 cases, congenital 
anomalies of the lumbosacral region were 
41.1% of all 
of 


could be adjudged to be free of abnormal 


found in examined 


cases 
\pproximately all cases examined 
architectural weakness or pathological find 
ing 
Phe 


region 


x-ray findings of the lumbosacral 


are listed in the order of their im 
portance, as follows 
1. Congenital Anomalies 
(a) Spondylolisthesis 
(h) Cleft or failure of fusion of the 
last lumbar vertebra 
(¢) Sacralized last lumbar vertebra 
2. Arthritis 
3. Postural defects 
Wear-and-tear changes in the lumbar 


spine and/or lumbosacral 


joint. 
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On the basis of this analysis, 3.8% of 
all applicants for employment were rejected 
and 12.7% were assigned to limited duty— 
duty which the examiner felt the applicant 
could handle without hazard of back injury. 

A program of preemployment examina 
tions of the low-back or lumbosacral area 
will save money for the employer or in- 
surance carrier and man-days lost by the 
employee. 

Such a program will help identify em- 
ployment hazards and serve as a basis for 
job placement. It might be more accurate 
to term these preplacement rather than pre- 
employment examinations. 

We believe that the x-ray findings cannot 
be used as a basis for employment but can 
help in the proper placement of the appli- 
cant. 

The preemployment records should prove 
most helpful in the evaluation of subsequent 
injury and disease and would be of material 
assistance in the adjudication of future 
medicolegal problems which might arise 
from the person’s employment. 


4312 J. C. Nichols Pkwy. (11). 
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Low-Back Pain 


Conservative Management 


MILAND E. KNAPP, M.D., Minneapolis 


The intelligent management of low-back 
pain by conservative means depends upon, 
first, making an accurate diagnosis of the 
cause of the pain; second, removing that 
cause whenever possible, and, third, evalu 
ating and treating the factors which are 
the cause of the pain, even though they may 
not be completely correctible. 


Diagnosis 

The accurate diagnosis of low-back pain 
is one of the most difficult and complex 
problems in the field of medicine. Because 
of its complexity there has been a tendency 
to group all cases together in ill-defined 
categories, such “dise,” “low-back 
strain,” and “sacroiliac.” 

Apparently because of lack of interest in 
specific diagnosis there have been successive 
waves of popular diagnosis which have little 
or no specific meaning. One of the earlier 
of these is “lumbago.” Apparently this 
meant any back pain with stiffness in the 


back. Second, there was “sciatica,” meaning 
any pain radiating down the posterior thigh. 
Third, there was “sacroiliac strain,” mean 
ing a pain in the back with radiation of pain 
into one posterior thigh. More recently the 
idea of protruded intervertebral dise has 
become so popular that almost any back 
pain has been called a “dise pain.” At the 
present time, the tendency is to consider 
most back pains as the result of dise trouble. 
Therefore it might be helpful to list some 
of the conditions which back 


may Cause 


pain with or without sciatic radiation in 
order to enumerate a great number of con 
ditions that may cause these symptoms and 
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to emphasize the importance of accurate 
diagnosis if treatment is to be given in a 
logical manner. | will not attempt to elabo 


rate on the diagnostic characteristics of 


these conditions because of lack of space 


but will make some comment about some 


of the more important points. 


\. Congenital Anomalies 

1. Spondylolisthesis spondylolysis 
2. Spina bifida 

3. Hemivertebra 

Facet 

5. Sacralization of 


abnormalities 

lumbar vertebra 
(a) Complete 

Partial 


Postural Defects 

1. Exaggerated lumbar lordosis 
2. Decreased lumbar lordosis 

3. Lumbar kyphosis 

4. Hip-flexion contracture 

5. Unequal leg length 

6. Pronated feet 

7. Tight heel cord 

Particular attention should be paid to 
hip-flexion contracture, which is a common 
cause of back pain. Because of this contrac 
ture the patient must assume a lordotic posi 
tion in order to keep his erect posture, and 
this commonly produces back pain. 

This pain is explained on the basis of 
greater strain on the lumbosacral ligaments 
because of the transverse position of the 
sacrum. | might quote as an example the 
case of a young girl, about 10 years old, 
mild) cerebral 
palsy, with an |. Q. of a little below 90, who 


who was suffering from a 
was referred to us because of back pain 
She claimed she did not want to go to school 
because of severe backaches when she was 
in school. It was thought that her problem 
was a psychological one because of her 
lowered 1, Q. which made it diffieult for her 
to keep up with the other children in school. 
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It was thought perhaps psychological 
adjustment to her disability could be of 
benefit to her. However, we found, among 
other things, that she had a very definite 
hip-flexion contracture with a resulting ex 
aggerated lumbar lordosis. Our first efforts 
were directed toward correcting this con- 
tracture, and when this had been accom- 
plished her back pain disappeared. She was 
discharged from the hospital and returned 
to school, which she has now attended for 
a year with no more back pain. While the 
psychological cause seemed to be avery 
logical one, the real cause of her back pain 
was physical. 

While lumbar lordosis may be a cause of 
back pain, it certainly is not the commonest 
finding in those patients who do have pain. 
It is much commoner to find a loss or de- 
This 


may be the result of muscle spasm, but it 


crease of the normal lumbar lordosis. 


often remains even after the muscle spasm 
has been relieved. 

Certain conditions in the feet, such as 
pronated flat feet and tight Achilles tendon, 
can produce pain which radiates up the leg 
and is sometimes confused with sciatic pain. 

Cc Neoplasms 

1. Benign 
(a) Cord tumor 
(1) Intradural 
(2) Extradural 
(3) Cauda equina 
(4) Bone 

(b) Hemangioma 
2. Malignant 

(a) Multiple myeloma 

(b) Metastatic from 

(1) Prostate 
(2) Breast 


spurs 


~ 


(3) Gastrointestinal 
(4) Thyroid 


(5) Kidney 


tract 


(c) Primary 
I). Arthritis 
Hypertrophic 
Rheumatoid 
Spondylitis 


Infectious 
(a) Tuberculosis 
(b) Brucellosis 
(c) Pyogenic 

Metabolic 
6. Myofascitis or 
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Arthritis of the spine is certainly a very 
common cause of back pain. The signi- 
ficance of hypertrophic changes which are 
usually considered to be evidence of wear 
and tear and should not properly be called 
arthritis at all is hard to define. All of us 
develop hypertrophic changes if we live long 
enough, and many of these are not sympto- 
matic. However, it seems they are at least 
evidence of strain and therefore likely to 
contribute to the presence of pain in the 
back. 


the spine, as well as other joints, may be 


karly rheumatoid arthritis involving 


very difficult to diagnose, since in the early 
stages there may be no x-ray changes. The 
only symptoms may consist of pain, 
stiffness, particularly after inactivity, and 
limitation of motion. This is true also of 
ankylosing spondylitis as well. The diag- 
nosis may be difficult before x-ray changes 
are apparent. 
Metabolic Diseases 
1. Osteoporosis 
2. Paget's disease 
3. Adiposus dolorosa 
4. Osteitis condensans ili 
Osteoporosis is frequently accompanied 
by pain and is difficult to treat. Osteitis 
condensans ili, which is a condition follow- 
ing pregnancy, is of unknown etiology, and 
its exact mechanism of pain production ts 
not understood. However, it is often ac- 
companied by pain, even if it may not be 
the cause for it. 
Trauma 
1. Fracture 
(a) Recent 
(1) Transverse process 
(2) Spinous process 
(3) Body 
(b) Old 
(1) Deformed facets 
(2) Deformed pedicles 


tw 


. Ligamentous injuries 
(a) Lumbosacral 
(b) Sacroiliac 
(c) Interspinous 
(d) Other spinal ligaments 
(¢) Facet syndrome 


w 


Muscle and fascial injuries 

(a) Partial tears of muscle attachments 
(b) Herniated fat nodules 

4. Coceygodynia 
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5. Intervertebral dise injury 
(a) Degeneration 
(b) Protrusion 

(1) With nerve involvement 

(2) Without nerve involvement 

(3) Into vertebral body (Schmorl’s 

node ) 

Recent fractures, obviously, can cause 
back pain. If they are located in the trans 
verse Or spinous processes, they may be 
overlooked quite easily and yet may be a 
definite cause of pain. Compression of the 
vertebra is easily diagnosed on x-ray. How 
ever, its treatment is not and fre 
quently vertebral fractures that have been 
reduced will compress again at a later date. 


easy, 


These old fractures may present problems 
after they seem to be well healed because of 
resulting deformities of the facets and 
pedicles. 

Ligamentous injuries are difficult to diag 
nose correctly and may occur im any loca 
tion. Definite ligamentous instability may 
be demonstrated at times, but usually the 
diagnosis is made on suspicion and there is 
no definite finding which” proves their 
existence. 

Muscle and fascial injuries similarly are 
difficult to diagnose accurately. 

Coccygodynia is frequently confused with 
dise problems because it may present a defi 
The differ 
ential point is usually the history that the 
patient fell upon some protruding object or 
Another 
point in the history is that a patient with 


coceygodynia prefers to sit upon a soft, up 


nite sciatic radiation of pain. 


that the pain followed delivery. 


holstered chair or a ring which does not give 


pressure upon the coceyx. Most patients 
with other types of low-back pain prefer a 
hard, upright chair. Rectal examination 
shows spasm in the levator ani and pirifor 


mis muscles. 

Injury to the intervertebral dises, either 
by degeneration or with resulting protru 
sion, is, of course, a frequent cause of back 
pain, particularly when sciatic radiation of 
pain accompanies it. Diagnosis may be 
made by a careful neurologic examination 
with the addition of a spinogram or disco 


gram if indicated. 
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Miscellaneous 
1. Nerve 
(a) Peripheral neuritis 
(b) Tabes 
(c) Peripheral sciatic pressure 
(d) Metatarsalgia 


(¢) Referred pain from visceral 


Lesions 


disease 
2. Blood vessel 

(a) Buerger’s disease 

Arteriosclerosis 

(c) Thrombosis of popliteal artery 

Some conditions involving the nerves and 
blood vessels may also produce symptoms 
which are closely comparable to the sciatic 
symptoms following back injury. 

Peripheral neuritis, tabes, and metatar 
salgia may produce pain which will simulate 
back and sciatic pain in the proper locations. 

Referred pain from visceral disease may 
also simulate these conditions. 

H. Psychosomatic Causes 

1. Hysteria 

2. Psychosomatic overlay 
3. Malingering 

4. Psychosis 

In addition to the causes which are strict 
ly physical in nature, we see patients who 
present psychosomatic problems. This may 
be a frank hysteria, or it may be a psycho 
somatic overlay on physical disability. 
every person and every disease has psycho 
somatic elements, and | am sure the treat 
ment given often overemphasizes this, and 
so the patient may develop mental problems 
after injury. Some of these problems are 
produced by the physician, some by the 
insurance man, particularly the imsurance 
adjustor who approaches the patient with 
a “hard-boiled” attitude and produces pro 
found resentment in the patient’s mind. 
Some of these mental problems are pro 
duced by the patient himself, 

Malingering does occur at times, partic 
ularly when compensation may provide the 
incentive for the patient to fake or exag 
gerate the symptoms. 

An actual psychosis may be present. | 
remember one patient who came in_ for 
treatment of a back pain who showed no 
tangible findings on examination. She had 
been told that her pain was the result of 


unequal leg length, so she spent her entire 
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day putting sheets of paper in her shoe in 
order to get the length balanced exactly 
right to relieve her back pain. 

When we are engaged in treating the 
patient, we should not lose sight of the fact 
that early surgery is sometimes indicated, 
particularly, in protruded — intervertebral 
dises, and we should not continue conserva 
tive treatment when surgery is necessary 
to relieve the symptoms. 

In general the conditions that indicate 
that early surgery is needed to prevent fur 
ther damage are as follows: 


Severe and unremitting pain 


1. 
2. Increasing muscle weakness 
3 


Reflex changes which indicate increas 

ing nerve damage 
When we have made the most accurate 
diagnosis possible and have removed those 
causes of pain that can be removed, we 
then continue with treatment for the pre 


senting symptoms. 


Treatment 


Particularly in back pain we are left with 
certain factors which require treatment 
from a physical point of view. This treat 
ment is usually presented from the point of 
view of the modalities used, such as dia 
thermy, massage, and traction. This is done 
that 


synonymous with machine therapy inthe 


for the reason physical therapy is 
minds of many physicians. 

Physical therapy is not machine therapy. 
It should be prescribed for a definite patho- 
logical or physiological condition which can 
reasonably be expected to be improved by 
it. It should not be persisted in when no 
benefit is produced. 

I would like to discuss this subject. in 
the light of the factors that may be amena- 
ble to treatment. Removal of these factors 
may not solve the whole problem, but they 
may improve the situation so the patient 
becomes relatively comfortable and func- 
tional. 

These conditions are (1) pain, (2) mus- 
cle spasm, (3) muscle contractures, and (4) 
muscle weakness. 
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Treatment for Pain. 
I, Pain 


\. Acute stage 


usually accompanies muscle spasm 
1. Bedrest—felt mattress and bed boards 
2. Williams’ position 
3. Support 
(a) Taping 
(b) Traction 
duration 


mild, of prolonged 
. Traction—heavy, of short duration 
(a) Sitting 
Supine 
Hot packs 
Medications 
(a) Acetylsalicylic acid and codeine 
(b) Sedatives 
(Avoid habit-forming drugs pro- 
longed cases ) 
Avoid 


increase pain 


movements or positions that 


8. Manipulation in selected cases 
Probably the most important factor in 
the relief of pain, which usually accom 
panies muscle spasm during the acute stage, 
is bedrest with a good firm mattress and 
bedboard. The bedboard should cover the 
entire surface of the spring and on top of 
the bedboard is placed, preferably, a firm 
felt mattress. A sponge-rubber mattress is 
also satisfactory if it is placed on a bed 
board. A sponge-rubber mattress is not sat- 
feel 


that most of the so-called orthopedic mat 


isfactory if it is used on springs. | 


tresses are not satisfactory because the mat- 
tress manufacturers attempt to make a hard 
surface on top of the springs in the mat- 
tress. It is difficult to obtain a good long 
fiber felt mattress at the present time be- 
cause they are not manufactured. However, 
on special order, we have been able to get 
them made for some of our patients. 
Williams’ position of flexion at the hips 
and knees with flexion of the trunk is a 
method that gives relief of pain in many 
patients, particularly those who have spasm 
The Williams’ 


brace is also useful in some patients during 


in the ilopsoas muscles. 
the subacute and chronic stages. Support 
of the trunk is beneficial in certain acute 
cases. Taping for those who can be up and 
around or a firm belt may be quite useful in 
relieving the pain. 
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Traction in bed is a time-honored treat- 
ment; however, it seems that the mild de- 
gree of traction which is ordinarily tolerated 
for a long period of time is of little benefit. 
It is probable that the bedrest is more use- 
ful than the traction. In the supine position, 
some special apparatus is necessary in order 
to get efficient traction on the pelvis with 
out straightening the legs. This is obtained 
by a pelvic belt, and some method of allow 
ing the pelvis to slide with less friction than 
on ordinary bed clothes is also useful. This 
may be obtained by a divided table. Strong 
traction for a short period of time in the 
supine or sitting position is often more valu 
able than traction in bed. This is given with 
weights up to 50 or 60 Ib. and is used for 
only a few minutes at a time but is fre 
quently repeated. 

Hot packs are of great value in treating 
pain. We use hot packs which are almost 
identical with the ones used on the polio 
patients. These are packs of a very high 
temperature with low water content, fre 
quently applied. The frequency varies with 
the severity of the pain. In the very severe 
cases the packs are applied once every 10 
or 15 minutes and continued as long as 
necessary to relieve pain. The chief obstacle 
to this method is the amount of personnel. 
In most hospitals the nurses are too busy to 
carry this out, but special hot packers may 
be used, assigning one to each patient if 
necessary in order to carry out this type 
of technique. 

In regard to 


medication, and 


codeine are the stand-bys. We try to avoid 


aspirin 


the habit-forming drugs patients who 
are likely to have a prolonged disability. 
However, sedatives are necessary in_ the 
acute stages in order to give the patient 
relief from severe pain. The patient should 
avoid any movements which tend to increase 
pain, and he soon learns exactly the position 
which gives him the most relief and the 
movements which increase pain. In some 


instances manipulation will relieve pain, and 


this will be discussed later. 
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Treatment of Muscle Spasm. 

Il. Muscle 
\. Acute stage 

1. Same as for pain 


2. Guarded 


spasm—usually accompanies pain 


passive or active motion 
within pain limits but gradually in- 
creasing in range 
3. Postural exercises in bed 
4. Medications 
(a) Muscle relaxants 
(b) Tranquilizers 
B. Subacute stage 
1. Add massage 
> 


2. Gradually increase active exercise 


3. Diathermy may be used instead of 


hot packs, especially if hypertrophic 
arthritis is present 

Musele spasm usually accompanies the 
pain, and most of the procedures which are 
used for pain are also useful for the relief 
of muscle spasm. addition, guarded 
passive and active motion within the limits 
of pain, or just reaching to the limits of 
pain, is valuable. In my experience, muscle 
spasm does not relax unless motion is car 
ried out in some manner. This motion must 
be performed carefully, however, in order 
to avoid increasing the pain. Therefore, we 
try to perform a guarded range of motion, 
gradually increasing in extent. 

Postural exercises in bed in the acute 
stage are often useful, particularly back 
fattening and abdominal exercises, provided 
they do not cause pain. 


In addition to the 


sedatives, at times 


zoxazolamine lexin) or methocarbamol 


( Robaxin ) and at times the 


tranquilizers are helpful. However, our ex 


are useful, 


perience has not been satisfactory enough 


to make us very enthusiastic about these 
so-called muscle relaxants. 
When the subacute stage has been 


reached, massage is added for relaxation of 
muscle spasm. The massage must be of a 
sedative type without any violent movements 
which would increase muscle spasm. It is 
best given by an experienced therapist 
rather than by a member of the patient's 
family. Occasionally, one of the patient's 
relatives will be able to give good massage, 
but this is rather 


rare. Active exercise ts 


then gradually increased. Other methods of 
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heat may be used, such as diathermy or in- 
frared, in place of the hot packs. 
Treatment of Muscle Contracture. 
Ill. Subacute and chronic stages 
1. Locations 
(a) Hip flexors 
(b) Tensor 


(c) Ihiopsoas 


fasciae femoris 
(d) Erector spinae—postoperative 
(e) Gastrocnemius—soleus 
Treatment 
(a) Heat 
(1) Hot packs 
(2) Whirlpool 
(3) Hubbard 
(4) Infrared 
(5) Diathermy 
. Stretch 
(a) Manual 
(b) Prolonged 
(c) Active 


tank 


Muscle contractures are important causes 
for prolonged disability. Many of these 
patients with low-back pain have been im- 
mobilized for a long period of time, and 
often they have been lying in bed in a 
Hexed position. This promotes hip-flexion 
contractures. The iliopsoas is often involved 
in muscle spasm; in fact, it is probably the 
The 


erector spinae muscles are commonly  in- 


commonest reason for sciatic scoliosis. 


volved and almost regularly show shortening 


which limits forward flexion. These con 


tractures may be even after an 


operation has been performed and the dise 


present 


removed, Many of these patients get imme- 
diate and complete relief from the sciatic 


pain, but they often continue to exhibit back 


pain, and this back pain is more commonly 


related to the contractures in the back than 
to hypermobility. Many patients with per 
sistent postoperative back pain have been 
relieved by normal 


obtaining range of 


mobility. 

Treatment is begun by the use of heat. 
The type of heat used is not of great im 
portance. [It depends upon the type of 
equipment available and the time the patient 
has for treatment and many other factors. 
In my experience, moist heat is preferable 
to dry heat. Moist heat may be given in 
the form of hot packs, whirlpool, or Hub- 
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bard tank. Infrared, diathermy, and ultra- 
sound are not of great use in overcoming 
contractures. After the tissues have been 
softened by the use of heat, stretch is used. 
Manual stretch is useful in many instances 
but is not as efficient as a prolonged stretch. 
The prolonged stretch is usually given by 
first stabilizing the part and then applying 
weights over a long period of time—a half 
hour, an hour, and sometimes even more. 
The most effective method is to devise a 
technique by which the patient himself can 
stretch the part. This allows much more 
prolonged treatment because it can be given 
at home rather than in the physical therapy 
department. 
Treatment of Muscle Weakness 
IV. Muscle weakness 
A. Acute stage 
1. Active exercise of nonpainful areas 
to prevent deconditioning 
B. Subacute and chronic stages 
1. Postural exercises 


2 exercises 


Progressive resistance 
3. Support: Avoid braces whenever pos 
sible; Williams’ brace is often useful 
If the muscle weakness is the result of 
interruption of the nerve by pressure from 
a protruded dise or tumor, the proper treat- 
ment is to remove the pressure by surgery 
as early as possible. However, many of 
these patients become weak because of the 
fact that they must be in bed or, at least, 
are not carrying out normal activity over 
fairly long periods of time. During the 
acute stage, strengthening exercises may be 
used to all nonpainful areas in order to 
prevent deconditioning. We want to keep 
the patient in as normal a physical condi- 
tion as we can throughout his convalescence 
so that his recovery period may be short- 
ened and he may return to work at the 
earliest possible moment. Even a short stay 
in bed without exercise may produce an 
astonishingly large amount of weakness. 
During the subacute and chronic stages, 
strengthening exercises may be used for 
any weak muscles. We usually start out 
with postural exercises, stressing particu- 
larly back flattening. This, however, obvi- 
ously depends upon the factors that are 
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causing the disability. 
ance exercises are undoubtedly the best 
method for producing hypertrophy of mus- 
cles and, thereby, 
strength. 


Progressive resist- 


producing increased 
In my opinion, bracing is to be 
avoided whenever possible. Braces tend to 
promote weakness and interfere with meth- 
ods of developing strength, and, in addition, 
the brace often gives the patient so much 
psychological support that it is very diffi- 
cult to get the brace off when he no longer 
needs it. In many instances we have had to 
readmit patients to the hospital in order 
to get rid of a brace. The Williams’ brace 
may be an exception to this rule, provided 
it is used only to overcome the symptoms. 
Manipulation. 
V. Manipulation for 
A. Relief of contractures, fibrosis, and ad- 


hesions— Method as detailed under treat- 


ment of contractures 

B. Relief of pain— Method 
open posterior intervertebral space kick 
manipulation 


lumbosacral 


C. Relief of facet syndrome or subluxation 
of sacroiliac joint—Method rotary motion 
| approach the subject of manipulation 

with considerable trepidation because of the 

controversy associated with it. My intro 
duction to manipulation of backs occurred 

about 20 years ago. | had at that time as a 

patient an amateur aviator who had a sud 

den onset of back pain. We were trying 
to treat him rather unsuccessfully as an out 
patient, and he was not willing to be hos 
pitalized. Suddenly he stopped coming in 
for treatment without giving any reason. 

Then, one day | met him on the street just 

a few weeks later. He was striding along 

briskly, apparently in excellent health, so 

| said to him, “Well, how are you? You 

certainly look to be in fine shape, how did 

that happen?” | knew it had nothing to 

do with our treatment. The man said, “I'll 

tell you what happened, Doctor. | was up in 

the air flying, and suddenly | hit an air 
pocket and dropped quite a few feet. | got 

a sudden snap in my back and have been 


well ever since.” This is method of 
treatment, but | wouldn’t recommend it for 


most people. 


one 


Knapp 
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Manipulation is performed for one of 
three purposes. The first has already been 
described: the relief of contractures, fibro- 
sis, and adhesions. The second is for the 
relief of lumbosacral pain, supposedly and 
probably by opening the intervertebral space 
enough to allow a dise to recede. | have 
used this method quite a bit in the past with 
good results in approximately one-third of 
the patients. This manipulation is most use- 
ful in the patient who has a sudden onset 
of acute back pain after a bending, twisting 
motion. It is not the result of straining 
to lift a heavy object. Usually he does not 
get to lift the object he was reaching for. 

The technique is to have the patient lie 
supine on a table, while an assistant holds 
his chest and the patient grasps the side of 
the table. The flexes the 
pelvis and the knee upon the chest on the 


operator then 
affected side. This does not produce pain. 
Then, while the operator holds the leg 
parallel to the table, the patient is instructed 
to kick with the affected leg, gently at first, 
then more energetically as he finds he can 
kick without pain. When the patient is 
kicking vigorously and freely, the operator 
adds a sudden jerk at the end of the are 
of the kick. This method gives immediate 
relief of pain in about one-third of the 
patients in the acute stage. It 1s usually not 
successful if the condition has been present 
for several weeks. 

The third method is intended to relieve 
the facet syndrome or subluxation of the 
sacroiliac joint. In this manipulation, the 
patient is laid on his side and a rotatory 
motion of the pelvis is produced. Person 
ally, | have had no success with this method. 
However, some people do report good re 
sults. 


Conclusion 


In conclusion, | would like to emphasize 
that in carrying out the conservative man 
agement of the back case, the first and most 
Important requirement is to make an accu 
rate diagnosis—-not only of the cause of 
the disease or injury but also of the factors 


that are influencing the case at the time of 
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examination, either prolonging the disability 
or making the patient incapable of returning 
to work. If these factors are evaluated and 
treated rationally, progress can be accom- 
plished. The great majority of patients can 
this 


back 


However, 


of 


be treated conservatively. 


does not mean using a_ routine 


treatment or ordering 


a physical therapist 
Yet, 
The 


treatment must be prescribed specifically by 


to the back.” 
| fear this is done much too often. 


to “give physiotherapy 


the doctor to correct the pathologic condi- 
tions found on examination. The treatment 


must be changed as these conditions change : 


M 
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if the treatment is not effective, it should 
be changed or discontinued. However, if 
relief can be obtained, and if adequate in- 
struction is given to the patient as to how 
he should carry out his activities, or if his 
type of work is changed to avoid what 
to 
continue for long periods of time without 
further trouble. 


causes his disability, he may be able 


Back pain is not an easy problem to solve 
by conservative treatment: in fact, it is very 
difficult. However, if approached analyti- 
cally, much can be accomplished. 


elizabeth Kenny Institute, 1800 Chicago Ave. (4). 
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Low-Back Pain 


Surgical Management 


RALPH K. GHORMLEY, M.D., Rochester, Minn. 


The widespread use of surgical proce- 
dures to relieve pain in the lower part of 
the back, with or without sciatic extension, 
must be given serious and critical analysis. 
There is no more important group of pa 
tients than those who complain of these 
symptoms, because something must be done 
for them. Many of those treated by surgical 
procedures are relieved of pain, but many 
are not, and some actually may become 
worse after treatment. Many have received 
conflicting opinions from competent sur 
geons about the proper course to follow, 
leaving doubt in their own minds and in 
the minds of their families and their in 


surors, when insurance 1s 
The great number of types of 


surgical procedures offered adds to the con 


compensation 
involved. 


fusion. The variety of procedures in itself 
indicates a certain dissatisfaction with the 
results of surgical management. Some pa 
tients are obviously neurotic about their 
complaint and should be eliminated from 
consideration of surgical management. 
Others approach the status of the malin 
gerer and certainly are not suited for sur 
gical management. 

As a rule, surgical management of these 
patients involves a considerable period of 
observation and treatment in the hospital 
and a long period of convalescent care. Such 
treatment, of course, involves much expense 
and should be undertaken only after serious 
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consideration by the surgeon responsible. 


All these 


coming to a decision. We believe, moreover, 


factors must be weighed in 
that much experience in handling patients of 
this kind is necessary before the decision as 


to treatment can be made effectively. 


Preliminary Conservative Measures 


It is not often that patients of this type 
need emergency or immediate surgical treat 
ment, so that a period of conservative treat 
ment may well be tried, not only in the hope 
that the patient may be relieved but be 
information 
This 


information is an aid in arrival at an accu 


cause of the very valuable 


gained by a period of observation. 


rate diagnosis, and it also helps to determine 
the best plan of treatment. It is only when 
definite evidence of progressive loss of 
motor or sensory function is present. that 
there may be any urgency about proceeding 
with surgical treatment. [Evidence of com 
pression of the spinal cord or cauda equina 
or nerve roots may well be such an indica 
tion. 


Operative Procedures Available 


Several types of operative procedure 
may be considered. First might be removal 
ot space-occupying lesions, such pro 
truded intervertebral disks; second might 
be fusion operations designed to. stabilize 
the vertebral column over a portion of tts 
extent; third might be removal of loose 
bony arches and decompression types of 
be added the 


various types of injection treatment which 


procedures. To. these may 
have been devised and advocated from time 
to time. It must be emphasized that no one 


type of treatment is suttable for all patients. 
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patient must be thoroughly studied 
and observed, preferably for some time, 
before decision to undertake surgical treat- 
ment is made. 


Diagnosis 


Demonstration of a space-occupying le- 
sion can be made by means of a myelogram. 


This type of procedure, carefully carried 


out by competent workers, is very helpful 
in arriving at the diagnosis in most. in- 
stances of pain in the lower part of the 
back. Much has been written about the 
accuracy of diagnosis achieved by this 
method, The possibility that arachnoiditis 
may follow the use of iodized oil or Panto- 
paque (iophendylate) must be considered. 

Hurteau, Baird, and Sinclair, after the 
experimental injection of Pantopaque into 
the cisterna cerebellomedullaris of dogs, 
found a meningeal reaction in all the dogs. 
This reaction varied in intensity but tended 
to become more pronounced as time passed. 
After two weeks there was severe cerebellar 
reaction in the meninges about the base of 
the brain similar to that seen in_ bacterial 
meningitis. These authors reported three 
cases in which arachnoiditis had developed, 
apparently as a result of myelography with 
either Pantopaque or iodized oil. They con- 
cluded, “Verbal communication indicating 
similar experience among orthopaedists and 
neurosurgeons has suggested to us that there 
is need for a more critical evaluation of the 
properties of Pantopaque and other iodized 
oils and a more conservative approach to 
their use than is often practiced. The im- 
portance of complete removal of the sub- 
stance is evident.” 

In a splendid discussion of the whole 
problem of pain in the lower part of the 
back, Aufranec, Barr, Brown, and Record 
commented on myelography. “The objec- 
tions to this procedure include the expense 
and discomfort to the patient, the comphi- 
cations that may follow the test and the low 
order of accuracy obtained by many ob- 


servers. 
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In general it seems fair to say that 
myelography if properly performed with im- 
mediate removal of the dye is virtually 
harmless and frequently offers informa- 
tion of great value, especially in cases in 
which the signs and symptoms give no indi- 
cation of the location of the lesion or in 
which the clinical picture is clouded by 
compensation or medicolegal aspects and all 
available evidence is necessary to decide on 
proper therapy. However, a negative myelo- 
gram should certainly be disregarded in the 
presence of good clinical evidence of a disk 
rupture, especially one at the lumbosacral 
interspace, the level where myelography 
most frequently fails to show a filling de- 
fect.” 

When evidence of compression of nerve 
roots is presented by persistent pain, limited 
motion of the lumbar part of the spinal 
column, limitation of straight leg-raising, 
with diminished ankle reflexes and possibly 
some sensory changes along the lower 
lumbar dermatomes, surgical exploration 
with the expectation of finding a protruded 
intervertebral disk is justified. 

Another diagnostic procedure which has 
gained fairly wide use is discography. This 
procedure was first described by Lindblom. 
It permits an accurate radiologic examina 
tion of a specific intervertebral disk. Un- 
doubtedly it is a procedure of value in the 
diagnosis of pain in the lower part of the 
back, but it has not been widely used and 
additional experience with and use of the 
method must take place before final evalua- 
tion can be done. 


Indications for Operation 


What proportion of patients with prob- 
able protruded intervertebral disks should 
be operated upon is an unsolved question. 
Various figures can be quoted to illustrate 
the trend in this regard. According to 
Aufrane and associates, “I riberg, in re- 
view of some 20,000 cases of lumbago at 
the Karolinska Institute Stockholm, 
found that laminectomy had been per- 
formed in 4.8 per cent and fusion in 
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0.6 per cent. 
viewing 366 consecutive patients operated 
upon for herniated intervertebral disks, con- 
cluded that approximately half the —pa- 
tients with lumbago have disk ruptures and 


Ross and Jelsma, after re- 


that, of these, 20 per cent come to surgery. 


Lancaster estimated that 30 per cent of 
patients with the disk syndrome require 
laminectomy. Mensor, in a series of 285 
patients with the disk syndrome who were 
treated by conservative methods, including 
manipulation, found that 27 per cent. re- 
quired operation. Burns and Young 
reported that in their experience approxi- 
mately 1 patient in 40 with low-back trouble 
required surgical treatment.” 

In a review of 2,000 patients with back- 
ache seen at the Mayo Clinic, | found that 
the diagnosis of suspected protruded inter 
vertebral disk had been made for 445. pa- 
tients. Of these, 161 were operated upon. 
This is 8% of the total number of patients 
complaining of backache who were studied. 
It must be remembered, also, that in certain 
respects patients of the Mayo Clinic are 
selected, meaning that many are referred 
to the clinic after the diagnosis has been 
made elsewhere and after the patients have 
completed an adequate program of conserva 
tive treatment. 

| wish to emphasize the point that, in 
itself, failure of conservative treatment to 
relieve a patient should not be an indication 
for operation, unless the diagnostic criteria 
outlined above are present. | believe that 
many patients are operated upon as a last 
resort because of failure of various measures 
of conservative treatment, only to have the 
operative treatment result in failure, also. 


Surgical Treatment 


When laminectomy is decided upon for 
removal of a protruded intervertebral disk, 
decision must be made as to whether or not 
Much dis 


agreement may be found on this point. 


a fusion operation is indicated. 


Many orthopedic surgeons feel that when 
disk is 


fusion operation of some type should be 


ever an intervertebral removed a 


Ghormley 


performed. Many neurosurgeons and some 
orthopedic surgeons advocate only removal 
of a protruded disk, with no attempt at 
fusion. Years have gone by and more 


experience with both methods has been 
gained, yet there does not seem to be much 
agreement on this point. 

Our own procedure is to attempt to eval 
uate the condition of each patient and to 
decide before operation which ones should 
undergo a fusion operation in addition to 
removal of a protruded intervertebral disk. 
This policy has been followed for many 
We believe that if indi 
cated, it may well be done at the time of 


years. fusion is 


removal of the protruded intervertebral 
disk, thus saving the patient much expense 
and time in the hospital. Our policy has 
been to perform fusion operation with re 
moval of protruded disks only among those 
patients who give a history of long-standing 
backache which relieved by rest in the 
form of a supporting corset or brace or by 
rest in bed. In addition to this cireum 
stance, there must be demonstrable evidence 
in the roentgenograms of degeneration of 
disks or other evidence of instability, such 
as spondylolysis or spondylolisthesis. 
leusion operations alone are indicated for 
patients who complain of long-standing 
backache which is severe enough to be dis 
abling, and who exhibit evidence of skeletal 
defects or degenerative changes. Such pa 
tients should be relieved by rest in bed or 
by a support, and their condition should 
be such that the pain is aggravated when 
they resume activity. 
Love, Kroll 


(1) 


450 who had undergone combined opera 


Young, Svien, Price, and 


reported on two groups of patients : 


tions or removal of a protruded interverte 
bral disk 


had undergone removal of a protruded in 


with fusion, and (2) 555 who 
vertebral disk without fusion. These authors 
commented as follows, “It appeared statis 
tically that the chances of a long-term good 
result were about 20 per cent greater after 


disk 


with fusion than after the operation of disk 


the combined operation of removal 
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removal alone without fusion, and that the 
chances of failure were about 10 per cent 
less after the combined operation — than 
after disk removal alone.” It was found 
that in the years covered by this study 
approximately 354 of patients operated 
upon for protruded intervertebral disk 
underwent a fusion operation. 

Nachlas, reporting as chairman of the 
Research Committee of the American Or 
thopaedic Association on the results of a 
study of a large group of cases in which 
protruded intervertebral disks had been re- 
moved, with or without fusion, found that 
of 256 patients treated only by removal of 
protruded disks, 153, or 59.8¢¢, were con- 
sidered to have obtained satisfactory results 
therefrom, whereas 103, or 40.20, were 
judged to have obtained unsatisfactory. re- 
sults. Of the 118 patients treated by ex- 
cision of the protruded disk and fusion, 82, 
or 69.5¢¢, obtained satisfactory results and 
36, or 30.50, obtained unsatisfactory re- 
sults. 

It was found that the best results—mean- 
ing fewer residual difficulties or none—had 
been obtained twice as frequently in’ the 
patients whose spinal columns been 
fused; good results in such cases amounted 
to 31.34, as compared to 15.24% among 
those patients not treated by fusion. 

(Connell reported on the results ob 
served in 500 cases of proved protruded 
intervertebral disks removed at St. Barthol- 
omew’'s Hospital. He found that among 
444 patients whose condition was followed, 
46.50 had no symptoms. Pain in the lower 
limbs was absent in 77.60 and present in 
22.4; lumbar pain was absent in but 
present in 

Ross and Jelsma, reporting on the results 
of operation in 366 consecutive cases of 
hermated lumbar intervertebral disks, found 
that 82¢¢ of the patients had obtained good 
resunts, 15.20¢ had obtained fair results, and 
2.4% had obtained poor results. Their mor- 
tality rate was 0.260. Their follow-up time 
averaged 24 months. In this group, seven 
patients required reoperation and only two 
required fusion. 
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Aufrane and associates, in commenting 
on the value of the combined operation, 
said, “When the cost of hospitalization and 
of postoperative disability and the time lost 
during convalescence are not of paramount 
importance to a patient who needs the 
strongest possible back, the combined opera- 
tion appears to be the procedure of choice. 
When these factors do not obtain and the 
spine gives no gross evidence of mechanical 
derangement, the simpler procedure, with 
its shorter convalescence, is probably justi- 
fed.” 

Variations in the operative technique 
already have been mentioned herein as an 
indication that there is no operative pro- 
cedure which has been wholly satisfactory. 
One of the modifications in surgical proce- 
dure that seems to have gained widespread 
use is excision of the loose arch of bone 
in the presence of spondylolisthesis or 
spondylolysis. 

Gill, Manning, and White in such circum 
stances advocated removal of the loose bony 
arch and decompression of the nerve roots. 
An important point in their method of 
postoperative care is an epidural injection 
of 40 to 60 ce. of a 0.2% solution of pro- 
caine hydrochloride or a 0.20 solution of 
lidocaine (Xylocaine) hydrochloride con- 
taining 0.5 cc. of hydrocortisone to each 
cubic centimeter of solution. Straight leg 
raising exercises are commenced soon after 
the operation, to prevent or minimize the 
formation of root adhesions. 

Gill and White in another communication 
discussed decompression of nerve roots as 
a primary procedure and saw “no rigid 
indication for the fusion operation as either 
a primary or a secondary procedure.” They 
continued by commenting, “The major com- 
plication of surgery in the low back is sear 
formation about the dural sac and nerve 
roots, and further research is necessary to 
develop methods for minimizing or prevent- 
ing its occurrence.” 

Bosworth, Fielding, Demarest, and Bona- 
quist took an opposite view, saying, “In 
our series, the rare occurrence of a posterior 
dise prolapse, combined with our inability 
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to find hypertrophied masses of fibrous 
tissue at the defect in the pars interarticu 
laris, suggests that the pain of spondylolis 
thesis is not due to nerve-root compression. 

“Marked hyperplasia of the fibrous tissue 
within the defect, as deseribed by Gill, has 
not been observed by us.” 

Bosworth and associates noted that an 
increase of the spondylolisthesis was found 
only among the 64 patients from whom the 
arch had been removed at the time of opera 
tion. They felt that this finding provides 
an indication “that the interposed laminar 
arch does offer some support by preventing 
forward. slipping.” 

They wrote that they combine fusion with 
removal of the arch and claimed that solid 
fusion ultimately was obtained for 900 of 
their patients. Of the 73 patients whose 


condition was evaluated, 65 (89) were 
free of symptoms. 

Barr discussed the etiologic and patho 
logic aspects of spondylolisthesis and com 
“The 


exploration, root decompression and spine 


mented, combined — operation — of 
fusion requires considerable surgical skill 
and is a relatively formidable procedure. 
lor this reason the alternative procedure 
of arthrodesis without decompression or of 
decompression without arthrodesis will be 
chosen by many surgeons.” 

It is our opinion that additional trial of 
the method described by Gill and White 
will be necessary before final judgment as 
to its value can be given. 

In planning the type of fusion to be done 
there is a wide variety of methods available. 
It should be emphasized at first that the 
greater number of interspaces the surgeon 
attempts to fuse, the greater will be the 
number of failures. That is to say, when 
only one interspace is fused, success will 
be obtained in a high percentage of cases. 
When the 


percentage of very 


two interspaces are fused 


failures will increase 
perceptibly, and when three or more inter 
spaces are fused there will be a much higher 
percentage of failures. 

Bosworth, and 


Cleveland, Thompson 


found that failures after single-interspace 
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fusions of the lumbosacral joint amounted 
to 3.4, that failures after fusion extending 


from the fourth lumbar segment to the 
sacrum amounted to 17.460, and that fail 


ures if one or two spaces above the fourth 
lumbar interspace were included amounted 


to 33.30. Others have found similar results. 

Of the many types of fusion operations 
devised with the hope of increasing the 
percentage of good results, the “interbody” 
type of fusion procedure probably has been 
the most favored. This procedure was de 
vised by Burns, and it has been varied and 
modified by others.**877 Reports have var 
ied as to its success. Adkins, after trying 
the method first with the use of chip grafts 
and then with solid grafts, became con 
vineed that “interbody” fusion methods had 
failed 


scribe 


in his hands. He proceeded to de 


lateral fusions interpedicular 
grafts and then by intertransverse grafts, 
saying that the latter method gave “promis 
ing” results. 

MeBride advocated a method of implant 
ing bone blocks into the intervertebral facet 
to promote fusion. In this way the inter 
space is widened, producing theoretical 
increase in the foramen of exit of the nerve 
root. and lessening pressure on the nerve 
The 
Bosworth’s “clothespin” graft, described by 
him in 1945, 
30 patients operated upon before January, 
1943, examination that 
solid had 
roentgenologic examination indi 
solid 


root. same idea was expressed in 


Bosworth claimed that among 
clinical disclosed 


fusion been obtained for 
that 
cated that 


for 83.3%. 


and 


fusion had been achieved 


Moore described a method of bone graft 
ing in cases of low lumbar backache and 
sciatic pain. He called it’ the “multiprop 
graft.” It also is designed to “open up” the 
interspaces somewhat and in that way lessen 
the likelihood of root compression. Of 69 
patients operated upon in such a manner 
all but 4 were relieved of their pain. The 
four who were not were involved in com 
pensation proceedings. All but one patient 


exhibited solid bony union. 
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Stinchfield and Sinton, using a_ similar 
type of procedure in a series of 100 cases, 
found that there were pseudarthroses in 
6% of the patients. Thirteen patients had 
residual back pain, including the six who 
had pseudarthrosis. 

Another procedure that has had wide 
acceptance is the use of metallic screws for 
transfacet fixation, as advocated by King. 
He said that in his hands this procedure, 
supplemented by the use of bone grafts 
from the tibia or ium, had produced fusion 
in 900 ¢ of cases. 

Another type of internal fixation was 
reported by Straub, who uses the Wilson 
plate combined with Hibbs fusion supple- 
mented by the use of bone chips, both 
autogenous and from the bank. Of 80 pa 
tients who underwent the procedure, 1 died 
of shock and 69° exhibited radiographic 
evidence of sound bony fusion at the end 
of six months. More recently, he wrote, 
metallic fixation had been combined with 
a cortical graft and 25 of 27 patients had 
exhibited solid fusion as a result. Among 
103 patients treated without metallic fixa- 
tion, there had been 3 deaths and 29 
failures. 

These reports serve to illustrate the multi- 
plicity of methods in use today. None of 
these procedures seems likely to become 
universally adopted, for each has its objec- 
tionable features and each is accompanied 
by a certain number of failures. None of 
these methods is without its pitfalls, and 
the surgeon should be thoroughly familiar 
with the technique before he undertakes an 
operation by any of these methods. 

It is our opinion that the results of re- 
peated operations on the patients under 
consideration often are disappointing and 
that, although there are occasions when 
second operations are indicated, those occa- 
sions should be weighed very carefully by 
the surgeon. Many patients now. seeking 
help have undergone two or more unsuc- 
cessful operations and have become chronic 
invalids most difficult to treat. | have dis 
cussed this problem in another communica 
tion. 
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We have not discussed the various meth- 
ods of treatment by injection which have 
been advocated from time to time. Our 
experience with these has been limited and 
not too impressive. Steindler, Hackett, and 
leffer have advocated various types of in- 
jection. More experience and wider use of 
these procedures are necessary before a 
final assessment of their value can be made. 


Convalescence 


A word about convalescence is in good 
order. From methods whereby patients 
were kept in bed for many weeks postopera- 
tively, often in a plaster-of-Paris cast, the 
trend has been toward shorter periods of 
hospital convalescence, with little or no fixa- 
tion other than that provided by rest in 
bed. It is certain that the shorter periods 
of convalescence have lessened the number 
of complications, with apparently no adverse 
effect on the number of successful results. 

It is our plan to keep a patient recumbent 
on a Bradford frame for three weeks and 
then to allow him to be up, in a heavy 
corset, well-stayed. After a week the pa- 
tient is allowed to go home on a_ very 
limited regimen of activity which is main- 
tained for three months. The time the pa- 
tient is allowed to be up is lengthened 
toward the end of that period. At the end 
of the fourth month after the operation, if 
clinical and roentgenologic evidence of heal- 
ing is satisfactory, exercises are started and 
after two or three weeks the patient is 
allowed to return to work. The actual time 
at which the patient returns to work varies 
with the type of work and with the evidence 
of healing. Rehabilitation may be slow, and 
we feel that during the period in which the 
patient is commencing his work a_ very 
carefully outlined program is wise and help- 
ful. A sudden return to hard work may 
excite pain which is alarming to the pa- 
tient. In most of these cases, muscles have 
become atrophied and the scarring around 
the operative site may be painful if return 
to hard work is made too soon. Thus, a 
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gradual return to work, combined with a 
program of exercises, is the better plan, 
and many patients will carry on without 
difficulty. 


Conclusion 


The surgical management of patients who 
have pain in the lower part of the back 
offers a satisfactory method of treatment in 
carefully chosen cases, after a period of 
conservative treatment. Thorough ‘under 
standing of the patient’s condition 1s neces- 
sary, and knowledge and mastery of the 
surgical technique to be followed must be 
thorough if a satisfactory result is to be 
obtained. 


Mayo Clinic. 
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Low-Back Pain 


Evaluation of Disability 
JOSEPH P. CAIN JR., M.D., Mullins, $. C. 
The problem of evaluating disability and 


the rehabilitation 
pain is a very complex one. It is a problem 


of victims of low-back 


where physical signs and objective findings 


play a relatively minor part. Most often 
the pain and disability are out of all propor- 
tion to the demonstrable pathology. This 


has been my observation, and | was very 
interested in having this verified by Dr. 
Henry W. of the fact 


found in 80% of the cases studied by him. 


Kessler’s report 

Because of this fact, the problem is one 
definitely to be studied and solved by team 
work—a team on which the physician often 
plays a minor role, in most of the cases 
stepping aside for the psychologists and 
sociologists. 

Of course, in the 20% of the cases show 
ing definite physical pathology, he is often 
able to relieve the pain and physical defects 
by the various means at his command, How 
ever, even after this has been done, the 
disability often continues. 

The point has been made by the other 
gentlemen on this panel and by other stu 
dents of the subject that a feeling of eco 
nomic insecurity and anxiety psychosis 
creates a psychic block to the patient’s early 
return to work. This is undoubtedly true. 

Secause of the geographical location in 
which | live, my experience with low-back 
has been with three main 


pain mostly 


classes: industrial cases, which come under 
the Workmen’s Compensation Law; indus 
trial cases, such as those involved with the 
logging industry, which in our state are not 
covered under Workmen’s Compensation, 
and farmers and agricultural workers. 


1958 
Read at the 18th Annual Congress on Industrial 
Health, Milwaukee, Jan. 29, 1958. 
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The onset of pain in the acute stage for 
similar cases is relatively the same. How- 
ever, there is a great difference in the mor- 
bidity. The farmer who owns his own farm 
and who is his own boss is anxious to get 
back in the earliest possible 
moment and, except in marked cases with 
severe trauma and definite pathology, usu- 


harness at 


ally makes the grade comparatively quickly. 
Since he is his own boss, working for him- 
self, he knows he has to get back to work 
as soon as possible. He is usually able to 
take it easy, so to speak. If he gets tired, 
he can rest. If his back hurts him doing a 
certain job, he can put it off and do another 
kind of job. This is not true in industry, 
where a man has to satisfy his employer. 

On the other hand, the industrial worker 
almost universally takes longer to rehabili- 
tate—most often with the help of an at- 
torney and a “lump-sum settlement.” It is 
backs cured 
shortly after an insurance company pays 


astounding how many are 
off. This experience is not unique. It is 
a problem that all industrial boards have to 
meet all the time, and it is one of the psy 
chological factors which go along with our 
present compensation setup. 

l‘irst, the patient who has been hurt feels 
that he may not be completely cured and 
that sometime in the future he may fiad that 
he has a permanently crippling condition. 
Next, he fears that he might not be able to 
hold up on the job that he is going back to 
and that if he fails in his work he may be 
discharged. Then, taking both of these into 
consideration, he decides that he should be 
certain that he is well before going back 
to work—no matter how long it takes 
and that, also, since he has been hurt, he is 


deserving of some financial compensation 
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to make up for it. Next comes the pro- 
longed disability until some financial settle- 
ment is actually made. Miraculously, the 
psychic ban is broken. 

I am convinced that this is true in the 
case of many industrial backs. The patients 
actually feel insecure, and psychologically 
they are back cripples. I do not mean that 
they are fraudulent. | think that the actual 
number of true malingerers is very small. 
They feel that they are 
honestly entitled to proper compensation. 
Here, | believe, is the big trouble in our 
state and in other states which offer lump- 
sum settlements. This is a temptation hard 


and rightly so 


to resist, and it is often taken as full com- 
pensation by the patient—frequently to the 
detriment of his own well-being. I believe 
that if injured workers were educated to 
expect reasonable compensation and proper 
rehabilitation for a job that they can do 
without fear of failing, so that economic 
security is insured, the injured worker 
would get back on the job in less time and 
at less cost than at present. 

An interesting case has presented itself in 
A farmer went to work for a 
local lumber company during his “off sea- 
son.” 


our state. 


He allegedly suffered an injury to 
his back. X-rays taken at the time showed 
a minor congenital deformity of the 5th 
lumbar vertebra on the left side. Even 
though the pain was on the right side, the 
patient and his attorney seized upon the 
abnormal x-ray and played it to the hilt- 
the man had never had a pain in his back 
before; now he couldn’t work, not only 
because of alleged “disabling pain,” but be- 
cause the “x-ray showed that he had a weak 
back.” 

As this case was not under Workmen’s 
Compensation, it was not heard by the Com- 
mission but was a civil suit brought in 
Circuit Court. After hearing a full array 
of pertinent witnesses to the accident and 
of the man’s actual physical labor per- 
formed both before and after the accident, 
along with medical testimony pro and con, 
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the Court finally decided that there was no 
disability and that no compensation was due. 

As soon as this decision was final and 
the man realized that he would not profit 
financially, he hot-footed it back to the farm 

-and went back to work. 

In another case, a worker allegedly in- 
jured his back. His convalescence was pro- 
longed, and he was apparently unable to 
work. After taking all possible factors into 
consideration, the Commission gave him an 
award as indemnity for 50% total disability. 
Soon after the award he went back to work. 
Now, two years later, he again has back 
trouble. It seems 
50% disabled. 

The question in my mind is rather con- 
fusing: Since 50% plus 50% equals 100%, 
is the man actually alive? Or is it the 50% 
of the 50% that is left—or 25%, or what? 

laced with all the different aspects of 
low-back pain and its relation to compensa- 
tion in industry and job security, it is sur- 
prising how often industrial commissions 
are able to come up with any sort of ade- 
quate decision. My hat is off to them, for 
they are the final arbiters. They may con- 
sult physicians and lay experts in other 
fields to help make their decision, but in 
the end it is their responsibility—and a very 
difficult one it is, too. 


that he is again about 


In closing, | would like to emphasize 
again that, in my opinion, abolition of the 
lump-sum settlement in most cases and the 
institution of a program dedicated to giving 
an injured person freedom from financial 
worry for himself and family, with a prom- 
ise of rehabilitation and return to work to 
a job which he can do and that will pay a 
living wage will make the job easier for 
everyone and will cost less in the long run. 


However, many barriers stand in the way 
of this: first, industry and labor will have 


to learn to trust each other to a far greater 
extent than at present; secondly, employers 
and their insurance carriers will have to be 
convinced of the economic and sociological 
benefits of such a system; thirdly, the temp- 
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tation of a lump-sum settlement must be 


removed, and finally, more physical thera- 
pists must be trained and more adequate 
and convenient rehabilitation centers set up 
which will include, in addition to physicians 


and physical therapists, also psychologists 
and social workers. 

The problem continues to need much ad- 
ditional study. 


219 S. Main St. 
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Health Protection in Beryllium Facilities 


Summary of Ten Years of Experience 


A. J. BRESLIN and W. B. HARRIS, New York 


Introduction 


The extraction of beryllium from its ore, 
beryl, and the production and fabrication of 
beryllium metal aid its compounds and 
alloys constitute a relatively small yet signi- 
ficant industry in the United States. The 
beryllium industry began in this country in 
1931 and grew slowly for the next ten 
years. The use of beryllium was given a 
substantial impetus during and after World 
War II when beryllium-copper emerged as 
a highly useful alloy for nonsparking tools 
and for parts in electronic and mechanical 
aircraft 
found to 


instruments and engines, and 


beryllium metal was possess 
properties uniquely suited for certain nu- 
clear reactor components. During this pe- 
riod the federal government was the major 
consumer of the national output. Since the 
war the commercial beryllium-copper market 
has continued to expand, and the demand 
for metal has also increased with the grow- 
ing interest in nuclear power reactors. The 
high temperature characteristics of both the 
metal and the oxide are also assuming more 
importance in the field of high-speed flight. 

An unfortunate development in the beryl- 
lium industry was the discovery of illness 
in and around plants where beryllium ma- 
The 


which 


terials were refined processed. 
first reports of occupational illness,’ 
appeared as early as 1936, did not receive 
United States or 
were, in some instances, discredited. How 


wide attention in_ the 
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ever, the cases grew in number and were 
carefully documented. In the early 1940's 
the seriousness of the hazard was recog- 
nized, although agreement was not yet com- 
plete as to the cause of the occupational 
disease. During this period nonoccupational 
cases also came to light.) Many held the 
view that the anions in the beryllium com- 
pounds were the responsible agents * rather 
than beryllium itself. Today concurrence 
is unanimous among investigators that be- 
ryllium per se is the causative agent of the 
occupational illness which is unique to the 
industry. On the other hand, it has been 
clearly demonstrated that the application of 
suitable engineering control measures can 
make the handling of beryllium and_ its 
compounds no more hazardous than that of 
other more common toxic industrial mate- 
rials such as mercury and lead. Experience 
gained over a period of about ten years in 
the operation of beryllium facilities under 
contract to the Atomic Energy Commission 
has resulted in practical, proven control 
measures that can serve as guides in the 
engineering design and safe operation of 
new or modified installations. The facili- 
ties represent a wide spectrum of types 
of operation from small laboratories to full- 
scale with processing 
rates from grams to tons per month. 


production — plants 


Among the specific processes with which 
the AEC has had contact are 1) produc- 
tion of oxide and hydroxide from beryl ore, 
2) reduction of metal from salt, 3) oxide 
fusion, 4) vacuum casting of metal ingots 
from “pebbles,” 5) production of metal 
flake by chlorination and electrolysis. start- 
ing with oxide, 6) fabrication of beryllia 


ceramics, 7) sublimation of — beryllium 
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fluoride from a mixture of magnesium fluo- 
ride and beryllium fluoride, 8) powder 
metallurgy operations, and 9) metal ma- 
chining and _ fabrication. 

The purpose of this report is to summa- 
rize the information gathered during the 
design and operation of these facilities so 
that it may be used in providing for the 
safe handling of beryllium materials. 


Occurrence of Beryllium Disease 
and Criteria for Its Control 


Two forms of disease are known to be 
associated with the production and process- 
ing of beryllium materials, respiratory  ill- 
ness and certain kinds of skin reactions.* 
Respiratory illness develops from the in- 
halation of excessive quantities of airborne 
beryllium dust, fume, or mist, whereas the 
skin reactions occur from direct contact of 
some compounds with the skin or implanta- 
tion under the skin. Of the two types of 
exposure inhalation is certainly the more 
serious, and respiratory illness may termi- 
nate fatally; however both kinds of expo- 
sure may result in serious loss of working 
time. 

Respiratory illness has been found among 
residents near beryllium plants as well as 
among industrial workers. The dermal ef- 
fects have been largely occupational in 
origin, although individual cases have been 
reported of nonoccupational skin ulceration 
due to handling broken fluorescent tubes 
in which the phosphor contained beryllium. 
Such phosphors have not been used in the 
United States for many years. 

Respiratory Disease. 
appears in both an acute and a 
form. The former has occurred among 
industrial workers only, the latter among 
both workers and nearby residents. Illness 
is apparently caused by extremely small 
concentrations. 


Respiratory illness 
chronic 


Beryllium fluoride — in 
amounts estimated at 400 to 650 micro- 
grams per cubic meter of air, persisting 
for only a matter of minutes, caused acute 


illness in three of eight persons exposed.® 


Concentrations estimated to be no greater 
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than 0.lug/m* resulted in cases of chronic 
illness among residents living near an ex- 
traction plant.* 

Nearly every beryllium compound of in- 
dustrial importance has been known to 
cause acute illness, beryl being the only 
known exception. There is some reason to 
believe that the chronic disease is caused 
only by beryllia, but existing evidence is 
inconclusive. For the present it is safest 
to regard beryllium metal and all its com- 
pounds as potentially toxic. 

Both occupational and nonoccupational 
respiratory disease have been avoided at 
facilities operated under contract to the 
USAEC by adhering to exposure criteria, 
originated about ten years ago, which set 
upper limits on concentrations of beryllium 
in air. A few mild occupational respiratory 
cases (chemical tracheitis) have occurred 
where the limits were temporarily exceeded. 

In 1948 the following concentration limi- 
tations were proposed by the Atomic [n- 
ergy Commission Advisory Committee on 
Beryllium Intoxication : 

1. The in-plant atmospheric concentra- 
tion of beryllium should not exceed 2ng/m* 
average concentration throughout an 8-hr. 
day. 

2. Kven though the daily average might 
be within the above limit, no person should 
be exposed to a concentration >25yg/m* 
for any period of time, however short. 

3. In the neighborhood of an AEC plant 
handling beryllium compounds, the average 
monthly concentration at the breathing zone 
level should not exceed 0.01 png/m*. 

To place these values in a frame of ref- 
erence, they may be compared with maxi- 
mum values for 
other more common industrial toxic dusts 


allowable concentration 


and fumes. 


Maximum Allowable 
Concentration, 


Material pe/m* 


Arsenic 500 
Fluorides 2,500 
Lead 150 
Mercury 100 
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Compared to those for other materials, 
the exposure criteria for beryllium were 
admittedly stringent but, nevertheless, were 
thought to be achievable through the appli- 
cation of proper engineering controls. (This 
evaluation has since proven to be entirely 
correct.) After a significant period of ex- 
perience it was recognized that at produc- 
tion plants processing tonnage quantities of 
beryllium these limits were difficult to 
maintain without at least occasional excep- 
tions. Since temporary exceptions within 
designated limits were not found to cause 
illness, certain liberalizations in the applica- 
tion of the basic criteria were introduced at 
the major plants under AEC contract. For 
instance, temporary concentrations (with 
designated limits) in excess of the stated 
maxima were permitted, provided that cor- 
rective action was immediately begun. Time 
limits were placed on the duration of the 
temporary excesses, and, if these were ex- 
ceeded, operational shutdown was imposed. 
It was reasoned that small excesses could 
be accepted safely for limited periods of 
time because of safety factors in the basic 
exposure criteria. After several years had 
elapsed with no evidence of overt illness, 
the liberalization of interpretation was in- 
tegrated with the original recommendations. 
The modified recommendations follow. 

In-Plant Recommendations: The average 
in-plant atmospheric beryllium concentra- 
tion should not exceed 2yg/m*. If the 
result of the daily weighted average concen- 
tration computed on a quarterly basis for 
any occupation is >2 but <5yg/m*, the 
contractor will submit plans for necessary 
correction for AEC approval and provide 
all personnel exposed in this with 
approved personal respiratory protective 
equipment. If the daily average concentra- 
tion exceeds Syg/m*, the operation in ques- 
tion will be halted until the necessary 
improvements can be accomplished. A daily 
average concentration >2yg/m* will not be 
permitted to exist for a period exceeding 
60 days except with the specific approval 
of the Commission, which will be granted 
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only in the event that satisfactory proce- 
dures for reducing the concentration to 
<2yg/m* have been accepted by the Com- 
mission. 

In the event that a single air sample 
shows a concentration >25yg/m* within 
the operating area but <100ug/m* (and 
this is to be confirmed within 10 days of 
the time at which such a sample was ob- 
tained), all exposed individuals will be 
provided with personal respiratory protec- 
tion approved by the Commission, and the 
Commission will be notified of steps being 
taken to eliminate the high concentration. 
If the concentration exceeds 100ug/m* in 
a single sample (and this is to be confirmed 
within the above time limit), operations 
will be halted and the necessary corrections 
made to reduce the airborne concentrations 
at this single point to <25yg/m*. In no 
case will concentrations >25yg/m* be per- 
mitted to exist for a period exceeding 60 
days without the specific approval of the 
Commission, which will be granted only if 
steps have been undertaken that can be 
expected to provide a satisfactory reduction 
in air concentration. 

Out-of-Plant Recommendations: In_ the 
neighborhood of an AEC plant handling 
beryllium compounds, the average concen- 
tration at the breathing zone level should 
not exceed 0.01 pg/m*. 

In the event that the maximum average 
neighborhood concentration at the ground 
during any calendar month, as determined 
on a monthly basis, is >0.01lpg/m* but 
<0.05yng¢/m*, the plant will be expected to 
inform the AEC of specific procedures 
which will be undertaken to reduce the air- 
borne concentration. In the event that the 
concentration exceeds 0.05ug/m*, opera- 
tions will be immediately halted and the 
necessary corrections made to reduce the 
average concentration to <0.0lng/m*. In 
any event, concentrations >0.01pg/m* will 
be permitted to exist for not more than 
60 days without specific authorization by 
the Commission, which will be forthcoming 
only if steps are being taken to bring about 
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a satisfactory reduction in effluent material. 

It is to be noted that no distinction is 
made with regard to the form of the beryl- 
lium contamination. The concentration 
maxima apply to beryllium itself regardless 
of its compound. 

It should be mentioned that the exposure 
criteria, although adopted by a large num- 
ber of beryllium processing installations, 
have not been recognized in any of the 
national codes which list maximum per- 
missible concentrations of toxic substances. 
Ten years of satisfactory experience in 
several installations, as documented in this 
report, is thought to be reasonable evidence 
that the stated exposure criteria are con- 
servative. It may be anticipated that these 
criteria will be revised eventually. It would 
appear, that any are 
more likely to be toward relaxation rather 
than greater restriction. 

Skin Manifestations —Cases of ulcera- 


however, revisions 


tion and benign tumors resulting from be- 
ryllium fragments imbedded in the skin 
have been reported, but dermatitis is the 
only important skin reaction in processing 
operations. It is associated with the soluble 
salts, beryllium fluoride and ammonium 
beryllium fluoride being the most trouble- 
some. 


Although dermatitis results only from 
direct contact, the amount of beryllium 
dust deposited on the skin from a heavy 
suspension in air will cause the skin re- 


Material accumulated work 
clothes and at the contact surface of dust 
respirators is another source of contact. 
However, although dermatitis can be severe, 
it will disappear after an individual is _re- 
moved from exposure. 


action. 


Avoidance of direct handling of beryl- 
lium materials and personal cleanliness are 
the two important factors in minimizing 
skin disease. At operations where gross 
body contamination is possible, end-of-shift 
showers and the daily issuance of clean 
work clothes are necessary. Dust respira- 
tors should be decontaminated daily. Need- 
less to say, if the working atmosphere is 
limited to the 
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beryllium concentrations 


stated above, the possibility of gross con- 
tamination is relatively slight. 
Summary.—At present the only proven 
way to prevent sickness at a plant process- 
ing beryllium or its compounds is to main- 
tain rigid control of the concentrations of 
beryllium in environmental air. [or beryl- 
lium workers the average daily exposure 
should not exceed 2ug/m*, and transient 
peak concentrations should 
25ng¢/m*, 


not exceed 
For out-of-plant air (neighbor- 
hood exposure) the concentration averaged 
over a month should not exceed 0.01ug/m*. 
Excursions above these concentration val- 
ues may be permitted, but only for limited 
periods as defined in the AKC control 
recommendations. 

The stated concentration maxima are ad- 
mittedly stringent, but they can be achieved 
through the application of engineering con- 
trols. However, the 
contamination 


control of environ- 


mental air alone is 


not 
It must be coupled with a sound 
medical program. Beryllium workers should 
be under the supervision of an industrial 


physician. 


enough. 


The following sections describe in detail 
the components of a control program and 
cover process design and operations in- 
cluding both 


considerations, 


in-plant and out-of-plant 


and medical 
controls, and experience gained by HASL at 


a variety of beryllium installations. 


supervisory 


In-Plant Design and Operation 


Plant design and operation must be 
geared to eliminate direct contact with be- 
ryllium materials and to maintain air con 
the previously 
where either of these 
conditions cannot be met, suitable secondary 


means must be provided to prevent exces- 


centrations within limits 


specified. In areas 


sive exposure. Among these are protective 
gloves and clothing, protective skin creams, 
and personal respiratory protection. Wher- 
ever a choice exists, however, primary con- 
trol should be selected. 

The attainment of an average air con- 


centration of 2ug/m* or less imposes con- 
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siderably greater restriction on operating 
techniques and entails far more extensive 
control equipment than that required for 
more common toxic substances. Therefore, 
it has been found generally advisable to 
segregate beryllium activities if other kinds 
of work are also being performed at the 
same installation. This restricts exposure to 
a limited number of individuals and permits 
the exercise of greater control over work 
procedures and the movement of beryllium 
materials. 

The engineering tools required to control 
atmospheric contamination within the be- 
ryllium process areas consist of: 

1. The selection of process components 
that will release the smallest possible quan- 
tities of contamination. 

2. Application of local exhaust ventila- 
tion at all points of potential contamination 
release. 

3. Careful operating procedures. 

4. Thorough housekeeping. 

5. Provision for suitable personal pro- 

tective measures. 
Kach of the components deserves equal 
emphasis. It would be a mistake to neglect 
any of them in setting up controls for a 
beryllium facility. 

The responsibility for effecting safe plant 
operation rests with the engineer who must 
design equipment for good dust control, 
stipulate operating procedures consistent 
with minimal dusting, and monitor the air 
on a routine basis to be assured that ade- 
quate control is continually in effect. It is 
advisable that this work be delegated to 
a competent industrial hygiene engineer. 
Although the individual control methods are 
not uncommon in industrial practice, an 
industrial engineer inexperienced with toxic 
dusts generally will not be aware of the 
high order of control that must be built 
into, and maintained at, a beryllium process. 

Adequate control is generally more easily 
accomplished where proper’ measures are 
integral with new plant design. The modi- 
fication of an operating facility where over- 
exposures exist may be more formidable in 
terms of cost and engineering skill than the 


42/600 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


proper design of a facility at its inception. 
Frequently problems are encountered in a 
modification program which result from 
existing equipment that is inherently diffi- 
cult to control. However, modification has 
been accomplished satisfactorily in several 
installations where unfavorable conditions 
had existed. 

Process Design.—Air contaminants are 
controlled by ventilation, and it is evident 
that required air capacities and the com- 
plexity of hood design are functions of the 
type of process and the details of its opera- 
tion. Thus the establishment of good con- 
trol must begin with the process itself. 
When undertaking to design a new facility 
or to install controls in an existing one, 
the first step should be to investigate the 
process with an eye to eliminating inher- 
ently dusty equipment and operations to 
the greatest possible extent. This will tend 
to simplify the designing of the ventilation, 
which is the next step. 

It is quite obvious that the processing of 
dry, finely divided material will create far 
more dust than that of wet material. But 
the complexity of control required for the 
dry process will be directly related to the 
handling methods used. For instance, there 
might be a choice between a manual and 
an automatic transfer system. Each may be 
controlled, but the ventilation necessary for 
the former method would generally be more 
complex and less effective than for the 
latter. 

In the layout of a process every effort 
should be made to minimize the number of 
operations that present potential escape 
routes for dust. A few basic principles 
should be borne in mind. 

1. Manual handling should be reduced 
to an absolute minimum. This recommen- 
dation cannot be overemphasized. [-xperi- 
ence has repeatedly shown the majority of 
high dust concentrations in beryllium plants 
to be associated with manual tasks. This 
finding is certainly not unique to beryllium 
operations, but these specific dust sources 
are particularly manifest at beryllium facili- 
ties because of the generally low air dust 
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concentrations. Where manual operations 
are necessary, they should be properly 
ventilated. 

2. It should be assumed that every im- 
plement which has been in contact with 
beryllium is contaminated and therefore a 
potential dust source. Contaminated imple- 
ments should not be removed from the 
hoods in which they have been employed 
until thoroughly cleaned. Frequently there 
are several locations in which one particular 
implement is needed. In this case it is pref- 
erable to provide a duplicate at each location 
rather than to transfer one implement back 
and forth. It is also possible in some cases 
to group operations so that they can all be 
controlled by a single ventilated enclosure 
and thereby obviate the need for tool 
transfer. 

3. Each process step should be examined 
critically to determine whether by rear- 
rangement or substitution it can be made 
less dusty. For instance, wet classifying is 


inherently less dusty than dry classifying. 


4. The manual transfer of process ma- 
terials must be expected to be dusty and, 
consequently, should receive careful atten- 
tion. Where transfer containers are used, 
suitable exhaust must be provided for fill- 
ing and emptying the containers. In transit 
they must be sealed and externally clean. 
Continued dusting from recently emptied 
containers is often troublesome; containers 
must not be taken outside the exhaust hood 
before residual dusting has abated or the 
container is thoroughly cleaned. 

5. Where economically feasible, the use 
of automatic conveyors is advantageous. 
They are relatively easy to ventilate and 
require no attendance other than mainte 
nance. Pneumatic conveyors are particu 
larly well suited to handling a material 
such as finely divided beryllia. However, 
complications do arise when conveyors are 
dismantled for maintenance. Vortable ven 
tilation can be used for infrequent mainte 
nance jobs. 

Searing these general rules in mind, each 
step of the process must be visualized to 
the smallest detail of operation to be sure 
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that suitable control exists throughout. In 
the case of a new facility, specific steps 
often change in detail or even in concept 
during the design stage and, not infrequent- 
ly, after the facility has been activated. 
Close liaison with engineering and produc- 
tion personnel is required to assure that the 
control provided will suit the operating 
techniques finally adopted. 

Local Exhaust V entilation.—Caretul proc- 
ess design and arrangement can minimize 
and simplify ventilating hoods and mini- 
mize the ventilating air capacity; it cannot 
eliminate the need for local exhaust ven- 
tilation. This is because air concentrations 
in excess of the stipulated maxima can be 
produced by extremely small quantities of 
contaminant. Essentially every 
step must be provided with some degree of 
local ventilation. It 


process 


is sometimes difficult 
to comprehend the fact that even processes 
which appear absolutely free of contamina- 
tion nonetheless may be sources of signifi- 
cant concentrations. To cite an example, 
an average concentration of Ilyg/m* was 
measured in the close proximity of a man 
separating steel balls with a hand magnet 
from a container of soaking wet beryllium 
pebbles.?. The operation was not ventilated. 
The Ilpg/m* can be definitely attributed 
to this specific operation because the aver- 
the 
wonder by 


age air concentration in area was 


L.6ug/m*. One might what 
means the contamination became airborne, 
yet it was there. General room ventilation 
cannot be expected to provide satisfactory 
control for specific dust sources. 

Indeed, general ventilation improperly 
applied can add to the problem of control 
by dispersing dust which may have settled 
on floors and work surfaces. Specific data 
regarding this phenomenon were obtained 
at a plant where unit heaters were used to 
warm the production area.* Successive dust 
samples were collected alternately with the 
heater blowers on and off. The concentra 
tions were found to be greater by a factor 
of two with the blowers on. 

The basic principle of control is to con 
Local 
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il 


exhaust ventilation will do this provided 
that hoods and air volumes are properly 
selected. Hood types of a wide variety 
have been employed successfully the 
many facilities observed, ranging from small 
laboratory apparatus to large production 
units. Because of the variety of equipment 
used at beryllium operations and the varia- 
tion in operating requirements for the same 
piece of equipment at different facilities, it 
is impractical to try to design a universally 
applicable hood. The type used for each 
operation must be selected by the industrial 
hygiene engineer on the basis of good dust 
control plus operating and maintenance re 
quirements. But a 
should not be 


which 
neglected, particularly in 
larger plants, is the total exhaust air ca 
pacity. Recognition of the extent to which 
ventilation must be applied because of the 


consideration 


multiplicity of even small points of exhaust 
indicates that the efficient use of air capacity 
can be an important economic factor. Thus, 
the selection of hoods with optimum per- 
formance on an air capacity basis is a 
desirable objective. Therefore, adequate 
dust control, ease of operation and mainte- 
nance, and optimum utility of exhaust air 
should all be given proper weight. 

Before discussing specific types of local 
exhaust control applications, a few general 
observations may be made. Experience 
with a variety of hoods leads to the follow- 
ing recommendations: 

1. With rare exceptions, dampers should 
not be designed to permit adjustment by 
operators. 

2. Where frequent access is required, 
encumbrances should be minimal. 

3. Simplicity is desirable. The less ma- 
nipulation by the operators is required, the 
greater is the prospect of proper hood use. 

4. Designs should be conservative. 

In describing the kinds of hoods and 
their particular characteristics as applied to 
specific plant and laboratory equipment, it 
is convenient to consider four, perhaps ar- 
bitrary, categories of operations. 

1. Manual: Small, purely manual equip- 
ment requiring continual access while in 
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use: machine tools, sorting, weighing, met- 
allography, ete. 

2. Batch automatic: Larger, semiauto- 
matic, generally requiring intermittent ac- 
cess to introduce or withdraw process 
material and to adjust equipment: blenders, 
furnaces, filters, batch centrifuges, — ball 
mills, ete. 

3. Automatic unattended: Essentially 
self-operating, requiring little or no access 
except for maintenance: rotating kilns, con- 


tinuous automatic 


feed centrifuges, con- 
veyors, storage bins. 

4. Material transfer: This is involved in 
the first two categories above, but it is 
important enough for separate discussion as 
a fourth category. 

Manual Operations: Operations involvy- 
ing continual manual manipulation are, with 
only a few exceptions, most effectively and 
economically controlled by completely en- 
closing hoods provided only with those 
openings necessary for operational access. 
Hinged or removable panels may be pro- 
vided for occasional maintenance. A_ posi- 
tive inflow of clean air at the hood openings 
minimizes the escape of dust into the gen- 
eral atmosphere. A few rules have general 
application to enclosing hoods : 

1. The size of the hood openings must be 
made as small as possible, consistent with 
reasonable accessibility, to prevent the es- 
cape of dust and for most efficient use of 
ventilating air. 

2. Hoods must be designed so that a man 
need never place his head inside during 
normal operation. 

3. Air velocities at hood openings should 
be 150 fpm or greater. Where the operation 
being controlled imparts a_ high kinetic 
energy to the dust particle or where external 
air turbulence is great, correspondingly 
greater hood face velocities are needed. 

With regard to the last item, it may be 
demonstrated theoretically that particles of 
a respirable size (<5y diam.) will reach 
a terminal velocity within a very short 
distance (less than a few inches) even 
though projected with the very high initial 
velocities imparted by machine tools such 
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and cutoff wheels. The 
escape of larger particles should not con- 
tribute to the inhalation hazard. rom this 
one might conclude that hood velocities in 
excess of 150 fpm, a value which assures 


as disc sanders 


good control for nonenergetic particles, are 
unnecessary. However, large particles tend 
to drag smaller ones along and thus to in 
crease the actual as well as the measured 
hazard; and the projecting operation will 
frequently be such as to project a current 
of air on which small particles will ride. 
Also, particles 
may not constitute a primary inhalation 


while large-diameter dust 


hazard, the escape of such particles does 
constitute a net increase in concentration in 
the immediate vicinity of the operation and 
will generally be detected by dust measuring 
equipment. Although equipment is available 
by which dust sizes can be differentiated, 
the present standards for beryllium expo 
sures do not include a size factor; all max 
imum allowable concentrations are derived 
on a weight basis. 

Relatively small pieces of apparatus such 
as bench grinders, pulverizers, sieves, 
weighing scales, tampers, and small blend 
ers and mills can usually be conveniently 
and effectively ventilated 
hoods. 


with 
Other fully manual 


enclosing 
(nonmechan 
ical ) operations, such as picking and _ sort 
ing and special jobs, are also best controlled 
in this manner. 

It is often desirable to group several 
small machines or operations in a. single 
bench booth, such as a chemical hood, This 
is particularly effective when three or four 
machines are to be used successively in the 
process. In this case their physical prox 
imity represents a saving in time, space, 
and ventilation capacity. A very definite 
advantage to this arrangement is that the 
transfer of material from one piece of 
apparatus to the next may be done within 


the hood. 


to retain tools under the ventilation. 


It is also practical and simple 
Ven 
tilation is inherent during handling and no 
special equipment need be devised. 

Hoods of this type may be of any size; 
a width of 10 to 15 ft. is not infrequently 
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encountered, Since the rate of exhaust air 
will vary with the size of the hood openings 
for a given design velocity, these should be 
minimized in the interest of economy. An 
operating opening 6 to & in. high along 
the hood face usually provides ample access. 
The opening may be diminished the 
addition of sliding panels to allow access 
to only a portion of the hood enclosure at 
atime. This will reduce ventilation require 
ments and induce more methodical opera 
tion. The upper part of the hood face may 
be permanently covered with glass or trans 
parent plastic for visibility. 

The unique qualities of beryllium extend 
even to the manner in which it machines. 
It has several unusual properties, the com 
bination of which causes it to generate 
dust 
Not the least of these, 


potentially dangerous quantities of 
when it is worked. 
of course, 1s its very low allowable concen 
tration. The material does not cut easily, 
requiring special, well maintained tools. It 
broken 
chip along with considerable fine dust. The 


is very friable, forming small 
use of coolant helps only slightly. It should 
be noted, however, that these properties are 
those of the unalloyed metal and do not 
apply to beryllium-copper or other alloys. 

The ventilation of machine tools warrants 
special consideration. Generally they can 
not be properly operated too much re 
the 
Totally enclosing hoods may often be un 


striction is enforced on operator, 
necessarily cumbersome and for many tools 
they are not needed. A very useful control 
method is the combination of a high-velocity 
chip pickup at the cutting tool and a second 
This been ap 
plied to lathes with particular success. If 


ary partial enclosure. has 
the pickup can be designed essentially to 
surround the source of chips without opera 
tional interference, as in the case of milling 
or drilling, the enclosure may be eliminated. 


High-speed abrasive tools have generally 


required complete enclosure. Surface grind 
ers, centerless grinders, and cutoff wheels 
require this treatment. 

atch «Equipment: This 


category may 


include certain ball mills, blenders, tanks, 
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reactors, furnaces, filters, and some kinds 
of centrifuges. No firm line of distinction 
may be drawn between this category and 
the last, but these items by virtue of their 
size would not be included in the manual 
category. The important characteristic of 
batch equipment with regard to dust control 
is the necessity to charge and withdraw 
material for each process cycle, i. e., trans- 
fer of material. Many of these devices 
present no significant contamination prob- 
lem while in operation because they are 
effectively sealed. 

An obvious way to overcome the transfer 
difficulty is to devise an automatic charge 
This 


done successfully for a few batch opera- 


and/or receiver system. has been 


tions. One example was an oxide furnace 


gravity fed from an overhead hopper, 
which was in turn fed by a pneumatic 
Withdrawal of the fired oxide 


was accomplished manually by the ingeni- 


conveyor. 


ous combination of a ventilated” transfer 


cart and pneumatic conveyor system. The 
line 


pneumatic suction 


was) manipulated 
manually from outside the furnace enclo- 
sure and was never withdrawn from the 
The use of hopper feeds is quite 


COMMON, 


he 


with 
rotating batch equipment, the valving ar- 


kor use connection 
rangement must be carefully designed for 
minimum leakage and positive cutoff. Al 
most invariably, ventilation is necessary. 
Wet batch reactions pose no difficulties 
where the process material can be pumped 
through pipelines in and out of the mixing 


Box 


Design: Simple 
Control 
Accessibility 
Housekeeping : 
generally 


Material transfer: 


prior to removal 


Kconomy 


inexpensive. 


Reasonably positive 
Sometimes inconvenient 


Contamination contained ; 
accumulates 


Containers require cleaning 


Usually efficient and 


or reacting tank. The escape of vapor or 
mist can be prevented by applying a suitable 
exhaust to the tank. Here again it is inter- 
esting to note that exhaust is in fact re- 
quired: unventilated wet process equipment 
may normally be expected to produce con- 
centrations above permissible. The air ca- 
pacity should be sufficient to create an 
indraft velocity of 50 to 150 fpm through 
access covers or a slight negative pressure 
if the vessel is normally sealed. Extra 
capacity may be required if the reaction is 
violently exothermic or when access is 
required during operation. 

Usually, however, the batch operation in- 
volves filling and dumping. The effective- 
ness of the control applied will depend on 
the care with which ventilation and baffling 
are designed for the dumping and _ filling 
operations. 

Two approaches to hooding for batch 
The 


first, where size permits, is to enclose the 


devices have been used successfully. 


unit completely with provision in the en- 
closure for access to charge and discharge 
and to make adjustments. Hoods of this 


type may often be very simple rectangular 


boxes with access doors or panels suitably 


placed. The second method is to apply 
exhaust at each point in the equipment 
where dust may be emitted. This requires 
a more skillful design with proper control 
velocities to insure capture of the escaping 
dust. Each type offers advantages; their 


characteristics are listed below: 


Tailored Fit 
Requires skillful application 
Depends on design. 
Generally good. 


Self cleaning if properly 
designed. 


May be more or less fool- 
proof depending on design 


More costly; uses more air 
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In many cases a combination of the two 
is necessary. The large box type of control 
permits precipitation of material on the in- 
side, and serious maintenance problems can 
result. The combination hood which pro- 
vides reasonably good local pickup at the 
source of generation, backed up by an 
enclosure insuring secondary control to 
cover inefficiencies in the primary, and also 
to accommodate occasional bursts or fail- 
ures, is frequently necessary and highly 
effective. 

Unattended Equipment: In this category 
are storage bins and tanks, automatic trans- 
fer gear, and automatic, continuous feed 
process devices. Since frequent access is 
not required, the equipment can normally 
remain sealed (or reasonably enclosed) so 
that 


eliminated. 


contaminant can be 
This 


requirement for 


escape virtually 


does not eliminate the 
ventilation. An absolute 
seal is infrequently attainable even on a 
simple storage bin. Significant leaks can 
occur at gasketed manhole covers, material 
inlet pipes, and discharge pipes or hoppers, 
especially after repeated temporary removal 
for maintenance or access. These avenues 
of escape must be carefully watched for 
incipient deterioration or loosening of fit 
tings. The minimum ventilation require 
fixed 


application of negative pressure to prevent 


ment for a closed container is the 
exfiltration from the inside portion free of 
bulk material, under all conditions of feed. 
To prevent loss of gross amounts of ma 
terial, it is sometimes desirable to install a 
filtered vent. 

Automatic transter conveyors should be 
completely enclosed and should be venti 
lated at each point of transfer. The same 
applies to continuous feed devices. Rotary 
kilns, for instance, should have a ventilated 
collar around each end to contain the dust 
leak at the 
A continuous feed centrifuge, al 


which may material transfer 
points. 
though closed and processing wet material, 
also operates at a slight positive pressure 
on the housing and can emit. significant 
concentrations of mist. Negative pressure 


on the casing and ventilated collars around 
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packing glands will successfully contain the 
mist. 

Transfer of Material: Material transfer 
is among the most difficult: operations to 
control. Drum filling and dumping steps 
are consistently among the most dusty oper- 
ations. Up until the present time no fully 
effective hood design for either operation 
has come to the attention of the authors. 
Repeatedly, designs which appeared fool- 
proof at the conceptual stage have shown 
Haws when put into practice. On the other 
hand, many designs are reasonably good 
and can provide satisfactory control if the 
operator follows the prescribed procedures. 

Automatic conveyors, where applicable, 
can eliminate the routine dust problem al- 
most completely. This ts especially true of 
the tubular and pneumatic types, although 
screws, belts, and buckets can be effective 
if suitable sealed and ventilated enclosures 
are installed. Maintenance on such equip 
lf the 
material to be transferred particularly 
abrasive or that 
equipment is 
needed, rubber lining is often effective; but 


ment can, however, be quite dusty. 
corrosive, SO frequent 
maintenance of conveying 
the choice between manual and mechanical 
transfer should be carefully deliberated. 
examples of both manual and automatic 
transfer operations and their relative utility 
are described below. 

Laboratory Scale: Where processes are 
conducted in chemical hoods, transfer to 
and from the hoods may be accomplished 
with relatively little hazard and no special 
auxiliary hooding provided that care is ex 
ercised. This applies to relatively small 
quantities of material which can be easily 
carried in small contatiners (e. up to 
one gallon cans). 

The transfer concept is quite simple: a 
container capable of being tightly sealed is 
filled manually within the chemical hood 
and the cover applied and sealed. Before 
removal from the hood the exterior of the 
container must be thoroughly cleaned with 
a damp cloth or a vacuum cleaner, but the 
cleaning tools should) remain within — the 
hood. The container may then be removed 
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without hazard. An obvious precaution is 
that the operator’s hands and sleeves must 
not be contaminated when withdrawn from 
the hood. If this is otherwise inevitable, 
the operator should work through gloves 
attached to access ports, which may. slide 
along the front of the hood from one oper- 
ation to the next. 

As long as the filling is done within the 
hood and the container can be adequately 
cleaned, dusting can be easily controlled. 
Container dumping should be similarly ex 
ecuted within the hood. When the contain 
ers are too large or heavy for convenient 
handling within the hood, the control pro- 
gresses to a more elaborate but less positive 
technique. If a drum is to be filled outside 
the hood, specific drum ventilation re- 
quired. Such an arrangement may be con- 
sidered in the same class as production 
drum filling stations. 

Drum Filling—Production: A drum filling 
station must effectively curtail the follow- 
ing: (1) primary dust during filling, (2) 
dust dislodged from the drum lip when and 
if a lid is secured, (3) dust settled on the 
exterior drum surface, (4) dust dislodged 
from the filling hopper and hood after the 
drum has been removed, and (5) excessive 
loss of product into the exhaust system. 

The severity of dusting from these causes 
is dependent upon the dryness the 
particle size, but it is rare for a material to 
be completely nondusting. A wet material, 
serious air 


for instance, can constitute a 


contamination source. Considerable house 
keeping problems have arisen from drums 
filled cake cake 
deposits were allowed to remain on_ the 


with wet when small 
outside of the drums. After a short storage 
period the exterior deposits dry and later 
create significant general air contamination 
when the drums are moved. This is not a 
hood problem in the strict sense, but such 
details require attention in the design of 
dust controls. 

The drum filling problem may be most 
suitably met by the use of both primary 
and secondary ventilation. The principle of 
this arrangement is to remove the bulk of 
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the dust at its primary source, around the 
hopper, and the top of the drum, with an 
exhaust collar, but with the 
guard of an enclosing hood with separate 
exhaust. 


added safe- 
The enclosing hood retains the 
dust which may escape from the collar dur 
ing filling, provides control while the drum 
is being lidded and cleaned, and retains 
dust which the 
hopper after the drum has been withdrawn 


may be dislodged from 
from the hood. This arrangement, although 
probably one of the most effective, is not 
necessarily foolproof and depends for its 
success largely on the care with which the 
attendant within the 
hood and closes and cleans it prior to with- 


positions the drum 


drawal. The exhaust volume rate applied 
to the secondary hood should be sufficient 
to create an inward air velocity of 150 lfm 
at the face. The volume rate applicable to 
the exhaust collar will depend on the de- 
sign, 150 cfm/ft.* of panel top being a rule 
of thumb value valid for many designs. 
Great care must be taken in design, how- 
ever, to minimize the evacuation of signifi- 
cant quantities of valuable product. 

Drum Dumping: This aspect of transfer 
is equally difficult. Dumping arrangements 
which do not expose the drum exterior to 
These 
generally consist of a cradle on which the 


dust have been most. satisfactory. 


drum is tipped over to discharge into a 
hopper with a ventilated inlet. Special pro- 
vision may be required to control dust 
emitted while the lid is removed and/or 
the drum is being turned from the vertical 
to the dumping position. Dusting during 
this part of the dumping cycle may be 
serious if the material is dry or finely 
divided. A movable hood member mounted 
on the cradle or actuated by the cradle 
motion can be arranged to follow the drum 
and provide ventilation in this case. Dump- 


ing is generally more rapid than filling; 


hence, air displacement within the hopper 
must be compensated for in the calculation 
of the proper hopper ventilation rate. It is 


also important to make provisions for the 
dusty air remaining within the drum after 
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dumping and for the material sticking to 
the sides. 

Skip hoists have been used successfully 
for drum dumping. The entire drum travel 
The drum 
this 
operation, and provision for its decontami 


must be enclosed and ventilated. 
exterior can become contaminated in 
nation should be made available where the 
drum is withdrawn. A drum washer with 
in the ventilated enclosure can be designed 
to insure adequate cleaning. 

Pneumatic unloading is an alternative to 
dumping. A standard drum hood with an 
opening through which a pneumatic gulper 
can be inserted provides adequate control. 
Pneumatic conveying is unfortunately lim 
ited to noneaking and relatively noncorro 
sive materials. 

Duct Design and Application: Whereas 
the local exhaust hoods in a beryllium plant 
usually must be superior to those found in 
other industries, system design (1. e., layout, 
transport velocity, and sizing) can follow 
standard practice. The only exception ts 
that leakage from exhaust ducts is not per 
missible. This requires more rigid specifica 
tion of construction materials in terms of 
fabrication, corrosion resistance, and joint 
sealing. Specifications for exhaust system 
design as recommended by the NYOO have 


been published,” which offer guidance in 
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Fig. 1. 


equipment: 


Operation or 
Deburring 
(production). Process ma 
Machined 


parts 


terial beryl 
Hood 
construction: Clear plas 
tic. Velocities : 300 to 400 


hand 


lium metal 


fpm through each 
opening. Air volume rate 
200 cfm 


centration 


Beryllium con 
(ug/m*): No 
data. Remarks: Exhaust 
from this hood is through 
a downdraft grate which 
may be seen in the center 
of the bench. Deburring 
is performed directly over 
the grate and most of the 
dust is removed 


formed. 


duct installation to minimize leakage, pro 
vide adequate transport velocities, ete. 
Collector Selection: In any facility where 
substantial quantities of beryllium materials 
may be carried in the exhaust system, the 
selection of air cleaning equipment will re 
quire careful consideration for two reasons : 
(1) beryllium admitted to the air outside 


Fig. 2.—Operation or equipment: Material trans 
fer. Process material: BeO. Hood construction 
Sheet metal and clear plastic. Velocities: 200 
fpm. Air volume rate: No data. Beryllium con 
centration (ug/m*): High 26, low 5.2, median 16 
Remarks: This hood is employed for the transfer 
of finely divided beryllia from metal trays to silica 
trays. Tiers of tray storage racks are mounted 
within the hood at the rear. The hood is longer 
than shown here. Glove ports are provided to pre 
vent contamination of the operators’ hands and 
sleeves. A unique feature here is the glove-port 
mounting which slides on a roller suspension to any 
position in front of the hood and thus allows. the 
operator to transfer trays within the hood without 
restriction. 
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Fig. 3.—Operation or equipment: Outside cylindrical grinder (production). Process ma 
terial: Metallic beryllium. Hood construction: Sheet metal and clear plastic. Velocities: No 
data. Air volume rate: No data. Beryllium concentration (ag/m*): High 5.3, low. 0.2, 
median 1.1. Remarks: This is a simple enclosing hood with a transparent, vertically sliding 
access panel, which is fully closed during operation to prevent the escape of high-speed dust 
particles generated by the grinding process. 


the plant may create a neighborhood dust | optimum air cleaning facility. With regard 
hazard, and (2) the beryllium content may — to neighborhood contamination, factors such 


be sufficiently valuable to warrant salvage. as stack height and local meteorology enter 
rom the latter point of view a simple into the selection of cleaning equipment. 
comparison of the cost of the collection in- This subject will be discussed in a later 
stallation and operation with the anticipated — section which treats out-of-plant design con 
saving of beryllium content will indicate the — siderations. 


Fig. 4.— Operation or 
equipment: Jig boring 
(production), Process ma 
terial: Beryllium metal 
Hood construction: Flex- 
ible tube. Velocities: No 
data. Air volume rate: 
200 cfm. Beryllium con- 
centration (ag/m*): 04. 
Remarks: Metal dust and 
chips are swept away as 
soon as formed this 
operation. Control is sat- 
isfactory because the par- 
ticles possess practically 
no kinetic energy. 
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Specific Examples of Ventilation Control : 
Following are 27 photographs depiciting 
applications of ventilation in the categories 
described above: manual (Figs. 1 to 4), 
batch (Figs. 5 to 9), unattended (I igs. 10 
to 12), and drum filling and dumping ( l’igs. 
13 to 16). Each photograph is accompanied 
by air concentration data and a brief descrip- 
tion of any unique features of the operation 
or control equipment. Except where noted 
the hoods have performed satisfactorily over 
several years, but it should not be inferred 
that they represent the best possible design 
in each instance. [Experience has indicated 
that improvements could be made in most of 
the units. On the other hand, by reviewing 
these illustrations one may comprehend the 


variety of operations which may be con- 


Operation or 
equipment: Carbon are 
tilting furnace (produc- 
tion). Process material: 
Crushed beryl. Hood con- 
struction: Sheet metal. 
Velocities: No data, Air 
volume rate: 5,800 ¢fm. 
Beryllium — concentration 
(ug/m*): During pour, 
high 15, low 1.3, median 
7.4; General air, high 4.5, 
low 0.6, median 1.1. Re- 
marks: The furnace 1s 
shown in its tilted or pour 
position. The hood is at- 
tached rigidly to the fur- 
nace; the connecting 
branch duct has two ro 
tatable elbow joints. An 
exhaust collar provides 
ventilation at the open 
top of the furnace, and 
a canopy ventilates the 
pour spout. When the 
furnace is upright all ex- 
haust air ois drawn 
through the collar, but 
when the furnace is 
tipped to pour a gravity 
actuated damper diverts 
a portion of the air to 
the canopy hood. The 
molten beryl pours 
through a water stream 
and into a water tank 
where it is immediately 
quenched. Fumes — and 
steam are collected in the 
canopy hood. 


Kig. 5. 
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trolled and some of the alternative methods 
of control. 

The air concentration data are averages 
of replicate samples collected on individual 
surveys. The highest, the lowest, and the 
median (average) concentrations are listed. 
These numbers show that most of the hoods 
have failed to provide completely effective 
control at some time during their service, 
but that by and large the performance has 
been satisfactory. lailures are attributable 
to a number of factors, the human element 
being among the most important. Success 


of nearly every hood design depends on 


proper procedures. High dust concentration 
frequently can be identified with careless 
operation. Other factors contributory to 


control failure are temporary deficiencies 
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Fig. 6—Operation or equipment: High-frequency reduction furnace (production). Process 
material: Magnesium and beryllium fluoride. Hood construction: Sheet metal. Velocities: 
1,200 to 1,500, 800 to 1,000, 150 to 200, 150 to 250 fpm. Air volume rate: 4,500 cfm. Beryllium 
concentration (ag/m*): During pour, high 87, low 1.5, median 8.8; Changing molds, high 56, 
low, 2.7, median 14. Remarks: The box-like hood entirely encloses the furnace. It includes 
an area next to the furnace on the left side where the mold may be placed to cool following 
each pour while a clean mold is introduced through a door on the right side and fastened 
to the furnace. Other doors are provided to withdraw the cooled mold and to scrape the 
furnace crucible during the pour. The furnace is charged by means of a special hood at the 
top of the main enclosure shown in Figure 22, The drum inside the hood contains beryllium 
fluoride. It may be tilted to dump into the furnace by means of a crank arrangement (not seen) 
on the far side of the hood. 


in air capacities and deterioration in_ the Fig. 7.—Operation or equipment: Extruder and 
electric furnace (pilot plant). Process material: 
Beryl and graphite. Hood construction: Plywood 
a period of years all these contributory and glass. Velocities: = 200 fpm. Air volume rate: 

350 cim. Beryllium concentration (pg/m*) 0.01 
factors will appear at one time or another, Remarks: No internal hooding. Access doors suit- 


hood structures. It is not unlikely that over 


and it is only by frequent air monitoring ably located to install and withdraw process ma- 
terial, 


that they can be detected and rectified so 
that excessive dust concentrations do not 
continue. 

Personal Protection and Hygiene.—Ke 
spiratory Protection: Respirators have a 
definite but limited place the general 
control program. Their use should be held 
to a minimum and carefully regulated. 

The authors have taken the position that 
respirators should not be used as a control 
measure unless a job cannot be practically 
controlled by ventilation or some other 
primary method. This view is not unique 
the pitfalls of respirator use are generally 
recognized. Most engineers are aware of 
the universal tendency among workers to 


| 


Fig. 9—Operation or 
equipment: Filter press 
(production). Process 
material: Filter cake is 
principally FeOH with 
traces of BeOH. Hood 
construction: Sheet metal. 
Velocities: 75 to 100 fpm 
at filter press leaves. Ca- 
pacity: 800 cfm. Beryl- 
lum concentration 
(ng/m*): High 21, low 
1.3, median 6.9. Remarks : 
This photograph — illus- 
trates an unsuitable hood 
and the reason for its 
unsuitability. The opera- 
tor is afforded reasonable 
protection when the leaves 
are withdrawn, but as can 
be seen in the photograph, 
when working in this po- 
sition he is) within” the 
stream of contaminated 
exhaust air. By the na 
ture of the filter press 
cleaning process, opera- 
tors could not avoid 
leaning under the canopy. 
Another bad feature is 
that the canopy installa- 
tion is an inefficient 
method of exerting venti- 
lation control in this in- 
stance because the source 
of contamination too 
remote from the hood, 
This operation was 
abandoned in favor of a 
process which required 
no manual contact with 
beryllium materials. Note 
that the adjustable 
damper is another unde- 
sirable feature 


Fig. 8 —QOperation or equipment: Horizontal sin- 
tering furnace (production). Process material: 
Beryllium metal powder. Hlood construction 
Sheet metal. Velocities: 150 tpm. Air volume 
rate: 450 cfm. Beryllium concentration 
Load, high 3.0, low 0.8, median 1.6; Unload, high 
5.7, low 0.5, median 2.3. Remarks: In another 
hood, not shown, beryllium powder is loaded into 
a die and the die sealed with tape. The die is in 
serted in the sintering furnace through the circular 
end plate shown in the photograph. The die seal 


is broken under pressure from a hydraulic ram 


during the sintering process. When the die is 
withdrawn, the exhaust collar captures dust which 


may have escaped from the die in the furnace 
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Fig. 10.—Operation or 
equipment: Mixing tank 
(production). Process 
material: Principally 
hydroxide. 
construction: No 


beryllium 
Hood 
hood (exhaust connection 
for negative pressure). 
Velocities : 150 fpm. 
Air volume rate : 300 cfm. 
Seryllium concentration 


avoid wearing respirators because of dis- 
The likelihood 
of imperfect fit with resultant failure of 


comfort and inconvenience. 


protection may not be as commonly under- 


stood. In any event, the stated position is 
particularly justified beryllium  process- 
ing, where it has been demonstrated that 
ilIness can develop from a single high ex- 
posure of short duration.® 

However, there are dusty tasks which can 
not be otherwise controlled. Maintenance 
and repair jobs commonly are in this cate- 
E0ry, 
changing split dust collector bags. These are 


disassembling equipment and 


occasional tasks performed by a relatively 
small number of persons over whom careful 
supervision is possible. It is best to perform 
and 


maintenance repair operations in a 
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(ug/m*): High 4.2, low 
1.1, median 2.1. Remarks: 
Air capacity is designed 
for 150 fpm indraft when 


access door is open 


Fig. 11.—Operation or equipment: Centrifugal 
separator. Process material: Ammonium beryllium 
fluoride (crystals). Hood construction: No hood 
(negative pressure). Velocities: Not applicable. 
Air volume rate: 250 cfm. Beryllium concentration 
(pe/m*): High 0.9, low 0.2, median 0.6. Remarks: 
The ventilation maintains a negative pressure in- 
side the centrifuge casing. A guard over the drive 
shaft prevents leakage from being sprayed into 
the air. 
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Fig. 12—Operation or equipment: Rotating kiln (production). Process material: Fused 
beryl. Hood construction: Sheet metal. Velocities: Not applicable. Air volume rate: Feed end, 
320 cfm; Dish end, 375 cfm. Beryllium concentration (gg/m"*): High 2.6, low 0.4, median 1.4 
Remarks: Both ends of the kiln are ventilated. The chute under the near end of the kiln 
terminates at the boot of a bucket elevator which ts also ventilated 


‘ig. 13.—Operation or 


equipment: Furnace 


charging (production). 


Ire 


material: Beryl- 


lium fluoride. Hood con- 


strt 
and 


ties 


rate 


iction: Sheet metal 
clear plastic. Veloci- 
No data. Air volume 
No data. Beryllium 


concentration : 


High 16, low 0.6, median 


1.8 


Remarks: This cas- 


tored enclosure moves Onn 


a 
ove 
cha 


Is 


track to position 
r a reduction furnace 
rge opening. The drum 
tipped on hand- 


cranked cradle and dumps 


thre 
far 


ugh a chute the 
end of the enclosure. 


The door 1s closed dur- 


ing 


dumping. flexible 


exhaust connection (not 
visible) ventilates the cab- 


inet 
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ig. 14.—Operation or equipment: Wet ball mill (production). Process material: Beryllium 
pebbles, beryllium fluoride, and magnesium fluoride, Hood construction: Sheet metal and 
rubber, Velocities: 300 fpm. Air volume rate: 450 cfm. Beryllium concentration (pe/m"*) : 
Charging and dumping, high 22, low 8.7, median 15. Remarks: The two views explain this 
operation, The hood is over a chute which discharges to a ball mill below. The rubber flaps 
are intended to conserve air capacity by producing maximum velocity around the drum when 
itis in the dumping position 


Fig. 15.—Operation or 
equipment: seryllium 
fluoride casting furnace 
discharge — (production) 
Process material: Molded 
beryllium fluoride pieces 
Hood construction: Sheet 


metal and rubber. Veloci- 
ties: 100 to 275 fpm. Air 
volume rate: 2,000 cfm. 
Beryllium — concentration 
(ug/m*): High 12.4, low 
4.2, median 8.3. Remarks: 
The drum enclosure has 


doors at two ends; the 


empty drums are intro- 


duced at the end opposite 


: that shown. The molded 

q 4 : pieces of fluoride drop 
into the drum_ positioned 
helow the discharge chute. 

The level of material in 


the drum can be viewed 
through a small window 
at one side of the en- 
closure. The lids 
are placed and removed 
inside the enclosure. 
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Fig. 16. 
equipment: Beryllium flu- 


( Jperation or 


oride casting furnace dis- 
charge. Process material : 
Hood 
construction: Sheet metal 
50 to 100 fpm. 
700 cfm 

concentration 
(ug/m"*): High 24, low 
2.2, median 7.6. Remarks : 
The 


hood is 


Beryllium fluoride 


Velocities : 
Air volume rate: 
Beryllium 


operation of this 
similar to. that 
under 


described Fig- 


ure 26 


manner which prevents exposure of persons 


other than those directly involved by trans- 
ferring equipment, if movable, to a special 
ventilated maintenance room or by restrict 
ing major repair jobs to off-hours. Careful 
cleanup after maintenance should be a part 


of the operation. 

Within the cited limitations, dust or fume 
respirators of the filtration type may be 
used with reasonable confidence for con 
centrations up to about 100n¢/m*. At higher 
values the use of air-supplied respirators 
is recommended. lor this 


purpose some 


contractors have installed a compressed 
breathing-air system with connections dis 
tributed at dusty job locations. Others pre 
fer the greater flexibility obtained with 
compressed air cylinders mounted on a cart 
that can be wheeled to any desired location. 

With regard to filtration respirators, there 
is at present no firm basis for recommend 
ing any specific model or manufacturer be 
cause there is no authoritative source of 
information about respirator effectiveness 
against contaminants as toxic as beryllium. 


The Bureau of Mines employs a_ testing 
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schedule to qualify respirators for toxic 


materials “not significantly more toxie than 


lead.” Since beryllium ts significantly more 


toxic than lead, this testing schedule is 


probably not) stringent enough. the 
other hand, the Bureau of Mines ts the only 
agency which routinely tests respirators and 
publishes lists of approved equipment. It 1s 
therefore suggested that devices approved 
for lead dusts be used for beryllium opera 
tions but with caution and with the under 
standing that they are not guaranteed to be 
adequate for the application, 

Personal Hygiene: Personal cleanliness 
will reduce the incidence of dermatitis. Di 
rect skin contact with beryllium materials 
should be avoided, but accidental exposure 
is apt to occur. Cleanliness should be main 
tained by local washing whenever portions 
of the skin have been exposed to beryllium 
materials, and by a shower at the end of 
shift 


personnel who deal with gross quantities of 


each for production or maintenance 


beryllium compounds. Several protective 


creams have been found to reduce the in 


cidence of dermatitis even among. sensitive 
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persons. Selection may be made by the 
industrial physician. 

Dirty work clothes may be conducive to 
dermatitis. Dust tends to localize in various 
portions of work clothes, which causes direct 
skin exposure. Work clothes should be re- 
stricted to use only in the plant and should 
be cleaned several times a week. 

Occasional visitors to the process areas 
should be provided with protective clothing 
to be worn over their street clothes. 

Clothing and Showers: In large installa- 
tions or in any installation where the likeli- 
hood of gross contamination on the clothes 
and the body is great, clean work clothes 
should be issued daily and showers taken 
daily. To insure this, the locker and shower 
rooms should be placed so that they cannot 
be bypassed and provided with one-way 
entrances and exits. 

It is of interest to note that excessive 
dust concentrations may be generated in 
locker rooms. These apparently stem from 
the rough handling of contaminated work 
clothes and can be corrected by sufficient 
dilution ventilation, careful clothes handling, 
or both. 

There are no special specifications for 
work clothes other than that they be readily 
cleanable. A one-piece coverall does have the 
advantage that contamination will not local 
ize around the midriff to the same degree 
as when a belt must be worn. 

Work shoes should also be issued by 
plant management. These should re- 
stricted to use in the plant. They may be 
stored in clothes lockers or special shoe 
lockers. It has not been found necessary 
to decontaminate work shoes. 

Laboratory coats for visitors, or for 
regular employees (in the case of smaller 
installations), should be kept near the en- 
trance to the contaminated work area. Shoe 
covers are not necessary. 

Lunch Room: In the interest of general 
cleanliness, a lunch room has usually been 
made available for beryllium workers. How- 
ever, there is no known beryllium ingestion 
hazard, and no aspect of beryllium toxicity 
suggests that eating in work areas is harmful. 
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It is not necessary to segregate beryllium 
workers from other personnel in the lunch 
room. Conceivably, clothing contamination 
could be great enough to generate high dust 
concentrations in the lunch room air, but 
this would not occur unless control in the 
plant were substandard. 

Laundry: At least one instance of chronic 
illness, in the wife of a beryllium worker, 
has been reported which was attributable to 
an exposure to beryllium while washing con- 
taminated work clothes. Routine air samples 
in a beryllium plant laundry show that con- 
centrations of 40ug/m* may oceur from 
placing batches of dirty work clothes in a 
washing machine.'” This is convincing evi- 
dence that clothes contaminated with beryl- 
lium should not be sent indiscriminately to 
commercial laundries. The practice at beryl- 
lium facilities under AKC contracts has 
been to operate a laundry on the premises; 
these range from a single domestic washing 
machine to a full complement of commercial 
washer, extractor, and dryer units. 

Handling contaminated work clothes prior 
to placing them in the washer should be 
done with some care to minimize dusting. 
Serious air contamination has not been 
found in subsequent steps. One successful 
method of curtailing dust generation is to 
direct a fine water spray on the clothes as 
they are initially collected in the dressing 
room. Reduction of dust concentration by a 
signficant factor has been achieved by this 
technique. 

Under certain circumstances clothes can 
be sent to a commercial laundry. bor 
example, in a small installation (perhaps a 
laboratory ) in which only gram quantities of 
beryllium are in process, with proper han 
dling procedures the magnitude of clothing 
contamination would be quite small or more 
probably nil, and there would be no hazard 
in laundering the garments. However, it 
is difficult to establish quantitatively the line 
of demarkation between this situation and 
that previously described. Before deciding 
whether or not to use a commercial laundry, 
it is advisable to conduct tests to determine 
the potential dust hazard. 
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Housekee ping.—The accumulation of even 
minor unnoticed quantities of contaminant 
spilled over a period of time will become 
a generalized hazard. Continual policing 
by the operators is required to maintain 
low general air concentrations. Therefore, 
houskeeping should be a part of the regular 
work habit. Spills should be immediately 
cleaned by the employees who cause them. 
Efficient housekeeping in large installa- 
tions is best accomplished by a special jani- 
torial staff which spends full time on area 
decontamination in addition to the local polic- 
ing by production workers. Dust deposits 
on floors, walls, process equipment, ducts, 
and rafters must be continuously removed. 
The selection of suitable cleaning methods 
is of great importance because many com- 
mon janitorial practices disperse dust and 
therefore cannot be tolerated in a beryllium 
plant. Cleaning with brooms or compressed 
air will generate intolerable dust concentra- 
tions. Even on a wet floor, stiff brooms can 
raise significant mist concentrations. 
velocity 


High 
unsuitable. 
Mops or squeegees are more satisfactory in 
wet areas. An inherently non-dust-produc- 
ing device such as a vacuum cleaner is 


nozzles are likewise 


preferable for dry areas. It may be either 
a portable unit or a permanent system; the 
latter may be justified in large beryllium 
installations. If a portable cleaner is se- 
lected, the exhaust should be connected to 
the ventilation system to prevent the re- 
introduction of dust to the working atmos- 
phere. A permanent system should contain 
a generous distribution of vacuum taps so 
that all work areas may be serviced. [ven 
the operation of a vacuum cleaner, however, 
can be dusty unless moderate care is exer- 
cised. Concentrations as great as 6y¢/m* 
have been measured where a vacuum cleaner 
was being used too energetically. 

Kase of housekeeping is related to the 
type of interior construction: smooth sur- 
faces and concealed structural framework 
will reduce the effort required to maintain 
a clean work area. However, this is not 
essential, and the choice is primarily eco- 
nomic. 
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Normal industrial housekeeping — tech- 
niques will clean surfaces well enough, the 
objective being to remove loose surface con- 
tamination, 

For dust control, there is no value in 
analyzing smear samples for surface con- 
tamination, since no correlation has been 
found 


between surface dust and air dust 


concentration. To mention an analogous 
case, several years ago a special effort was 
made to learn whether a correlation exists 
between radioactive surface contamination 
and air dust concentration, and none was 
found.!! 


Out-of-Plant 


There is evidence that an unusually small 
concentration of beryllium in air can produce 
illness among residents in the neighborhood 
of a beryllium plant. 

In 1948 an intensive epidemiological study 
was conducted in the neighborhood of an 
extraction plant where nonoceupational ill- 
ness had appeared. Ten cases were re- 
corded, all within a radius of 4% mile from 
the plant. 


exposures in effect during the period when 


Reconstruction of neighborhood 


the illnesses were thought to have developed 
indicated that concentrations at the 34-mile 
radius may have averaged as low as 

Based on the findings of that study,* the 
upper limit of average monthly exposure 
in the neighborhood of beryllium plants was 
set at O.OLug/m*. 

The principal source of neighborhood air 
contamination is the stack (or stacks) from 
which process effluents are emitted. See 
ondary sources may be contamination on the 
plant roof and exposed stockpiles of ore 
or other materials; however, these can be 
neutralized by obvious methods and need 
not The control of 


contamination emitted from a stack is some- 


be discussed further. 
what subtle and requires an understanding 
of the mechanics of diffusion. Theoretical 
and empirical expressions have been de 
veloped which relate the ground level con- 
centrations to source height and strength. 
These relationships are only approximate, 
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but they may be used as engineering guides 
to regulate the plant effluent so that neigh- 
borhood residents will not be exposed to 
hazardous beryllium concentrations. 

The concentration at the ground is a fune- 
tion of the rate of effluent emission, source 
height, wind speed and direction, lapse rate, 
topography, effluent particle size (if a solid), 
and distance from the source. For the 
purpose of rough estimation, most particu- 
late effluents behave sufficiently like gases 
so that no correction is required in using 
the diffusion formulas. 

Among the several factors governing 
ground level concentration, the source height 
and strength may be selected by the engi- 
neer. If a site for a beryllium plant is open 
to selection, the local topography and _ pre- 
vailing meteorological conditions should be 
evaluated in terms of their effect on the 
plant effluent behavior. A favorable situation 
for a plant would be in an area of low 
population density. Maximum concentra- 
tions most frequently occur at distances of 
from 5 to 30 stack heights. In a location 
clear of neighbors to a distance beyond this 
span, the restriction on the plant. effluent 
necessary to keep nonoccupational exposures 
within the prescribed limit would be less 
stringent. However, regardless of the exist- 
ing physical situation, ultimate control of 
nonoccupational exposure reduces to a 
proper selection of source strength and ele- 
vation. If the plant is to operate con- 
tinuously, these must be designed so that 
the monthly average ground level concentra- 
tion at any inhabited location does not ex- 
ceed 0.0lng/m* under any foreseeable 
climatic conditions. 

Permissible Stack Discharge Rate.—The 
subject of the diffusion of stack effluents 
has received considerable attention from 
investigators and continues to develop as 


new information comes to light. Many 


theoretical and empirical treatments have 
been advanced; although basically similar, 
each possesses specific differences, and none 
is universally applicable to all practical situa- 
tions. Individual theories may be more or 
less suited to individual problems. In view 
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of the existence of several detailed discus- 
sions '*'5 of stack theories and their ap- 
plication, a similar discussion will not be 
included here. However, an example of a 
practical application of the theories will be 
presented to demonstrate their utility. 

In 1949 the Commission undertook the 
construction of beryllium refinery in 
western Ohio. A_ site was chosen in a 
sparsely populated farming area character- 
ized by very flat and unobstructed terrain. 
In spite of the low population density, the 
question of potential air pollution received 
careful consideration, and the inescapable 
conclusion was that ground level concentra- 
tions must meet established criteria. The 
combination of a tall stack for good contami- 
nant diffusion and carefully limited con- 
taminant discharge was the method selected 
for restricting the out-of-plant beryllium 
concentration. All process ventilation was to 
be discharged through a single stack. The 
selection of stack height was based primarily 
on construction cost, bearing in mind the 
advantage of height with regard to diffusion; 
185 ft. was the value adopted. 

The next design step was the computation 
of a permissible effluent discharge rate. The 
expressions of Bossanquet and Pearson ™ 
were used to calculate both the discharge 
rate at which the maximum ground level 
concentration would equal 0.0lug/m* and 
the distance at which the maximum concen- 
tration would occur, These calculations were 
done by using diffusion parameters both 
for moderate turbulence (which simulated 
conditions in the original plant which the 
new one was to replace) and for conditions 
of low turbulence (which were expected at 
the new plant site). A maximum permissible 
discharge rate of 150 g/day was selected as 
reasonably close to satisfying both turbulence 
conditions. Actually, this is very conserva- 
tive in view of the exposure criterion that 
the concentration at any location averaged 
over a month should not exceed 0.01pg/m*. 
Theoretically this average concentration 
would be realized at the calculated dis- 
charge rate only if the wind blew con- 
tinuously in one direction and at one velocity 
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for the full month and if the concentration 
were measured in the center of the smoke 
plume. It is known that a plume character- 
istically snakes back and forth even during 
conditions of reasonably uniform wind. di- 
rection; thus, the downwind concentration 
measured at a fixed geographical location 
will always be less than that predicted by 
the diffusion expression used in this in- 
stance. 

With a permissible discharge rate of 
150 g/day as a starting point, a table was 
prepared listing the several plant processes 
the 
This could be done quite 
effluent 
were available from the older plant which 


and their estimated contributions to 


total 
accurately 


effluent. 
because measurements 
the new one was to replace. Further, the 
efficiency of individual air cleaning units 
used in the earlier plant was known, and 
that of other types could be predicted from 
The of all the process 
effluents was about 10 kg/day. With the 
type and extent of air cleaning equipment 


experience. sum 


_ NORTH 


- 
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% 


in the original plant, this rate was reduced 
On the basis of the 
composition of the effluents and the inlet 


to about 3 kg/day. 


loading of each collector, air cleaning equip- 
ment was chosen which would provide the 
necessary degree of decontamination to meet 
the total effluent limitation of 150 g/day. 

The plant was constructed and the neces 
sary exhaust systems installed to maintain 
the concentration in the working atmosphere 
within the plant below the permissible oc 
cupational level of 2ng/m*. Each exhaust 
system was filtered through the equipment 
specified, and the discharge of all collectors 
and all systems was brought together in the 
single stack. 

The performance of the control system 
was very carefully cbserved during the first 
two years of plant operation. An out-of- 


plant) sampling network was established 
and operated continuously (and is still in 
the of this 
Sampling stations were placed at distances 


of 1,000, 2,500, and 5,000. ft. the 


operation at time writing ). 
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| \ Fig. 18—Monthly av- 
\ \ _ erage beryllium concen- 
| | | tration for theoretical 
3 | maximum station, 2,500 


| ft. from. stack. 
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stack. Stack samples were taken to check — rected for most frequent wind direction. In 


the design efficiency of the collection equip- Figure 17 is a wind rose showing the 
ment. Over the first two-year period, the method of normalizing the data. 
effluent varied between 80 and 140 g/day. Figure 18 shows a plot of the data. The 


In order to determine the maximum down- first portion of the curve indicates back- 
wind concentrations, the concentrations ground showing the results of samples taken 
observed at the sampling stations were cor- 


prior to plant operation. Next an interim 


3 


19. — Comparison 
of observed offsite beryl- 
lium concentration vs dis \ 
tance from— stack with 
theoretical diffusion curve 


| Bossanquet and Pear- 
son'* formula, (10° 
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period is shown during which the operation 
was partial. The rest of the data represent 
maximum plant operation. The adjusted 
curve is in all cases below 0.01 and in most 
cases above 0.001. 

As a matter of interest, the average beryl- 
lium concentrations at the three sampling 
stations may be compared with the. theo- 
retical diffusion curve relating concentra- 
tion to distance from the source (lig. 19). 
The actual concentration values are taken 
from a period when consecutive data for all 
these stations were available. The theoretical 
curve, from the Bossanquet and Pearson ™ 
expression, is based on an arbitrary dis 
charge rate, so that only the slope of the 
curve may be validly compared with the 
empirical data. If one works back through 
the Bossanquet and Pearson situation up to 
the source strength from these concentra 
tion data, the value is in the neighborhood of 
3 to 5 g/day. It must be remembered, how 
ever, that the concentration data on this 
graph have not been corrected for frequency 
of wind direction. Other out-of-plant sam 
pling data have been published previously by 
this laboratory. These were shown to cor- 
relate remarkably well with diffusion theory. 

Selection of Air Cleaning [:quipment 
It has been shown that a prescribed ground 
level concentration can be related to a 
specific rate of contaminant discharge at 
a known elevation above the ground. Thus, a 
rate of emission can be calculated which will 
produce ground level concentration not in 
excess of the limit established for nonoc 
cupational berylliosis. Obviously, for safe 
operation, means must be available by which 
the discharge rate can be maintained below 
the calculated value. 

The first step is to determine what dis 
charge rate might be expected. In an exist 
ing installation the total rate of emission 
stack 


sampling techniques. Care must be exercised 


can be measured by conventional 
to sample each point of discharge if there 
are more than one. It ts also important that 
samples be representative of all the material 
in the stack and of complete operating cycles, 
so that transient peaks or lulls in emission 
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rate do not bias the measurements. The 
rate of emission should be calculated as an 
average over a 24-hr. period. 

l‘or example, an emission rate exceeding 
the calculated permissible value by a factor 
of three but persisting for only 8 hr. per 
day will result in the desired ground level 
concentration over a full day. Ground level 
concentration fluctuations over short periods 
are not significant. This is implicit in the 
neighborhood exposure criteria. 

lor new plant design, direct) measure 
ments cannot be obtained barring the pre 
existence of an old plant; however, 
estimates of the dust dispersed from various 
operations may be made by several methods. 
These include extrapolation from pilot plant 
data, testing of specific pieces of equipment, 
or extrapolation from data obtained with 
machinery similar to that to be used while 
processing materials having physical and/or 
chemical properties similar to those of beryl 
lium containing materials. 

The stack discharge rate determined by 
any of these methods can be compared 
with the rate specified as safe with respect 
to neighborhood pollution. Conceivably the 
estimated emission rate may be so low that 
no air cleaning will be required; possibly 
there may even be no need for a stack. 

If the estimated discharge exceeds the 
calculated rate, the 


safe ratio of the dif 


ference between the two values to the 
estimated emission represents the cleaning 
efhiciency required to produce the desired 
emission 


If the 


rate for a one-collector system. 
such that 


several ventilation systems, carrying dif 


nature of the process is 
ferent kinds of contamination, terminate at 
the stack or discharge point, several col 
lectors, possibly of different types, may be 
indicated. The efficiency of each need not 
be identical; however, the weighted average 
efhiciency must equal the preseribed value, 
1. «., the net discharge of all the collectors 
must not exceed the calculated safe value, 
lkrom this point the problem consists of 
proper selection of air cleaning equipment, 
which 


will depend the and 


physical character of the contaminant(s ) 


chemical 
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and the necessary cleaning efficiency. Col- 
lectors which have been used at beryllium 
installations are listed below according to 
the kind of contaminant and measured 


efficiencies. 


Cottrell SOx, SOs 96—98.5 

Frit reacted with HeSO, 
Scrubber 54—93 
Cloth bag Ground ore 95 

Frit 93 
Cyclone Frit reacted with 
Scrubber Se, NH,, Bek, NHGF 61 
Scrubber seryl, frit 20 
Reverse jet ,eO 99 994 

Ground ore 96+ 


Electrostatic 

precipitator Metal 65—99-+4 

It should not be construed that beryllium 
has any significant effect on air cleaning 
equipment performance. The above effi- 
ciencies might be found in many different 
kinds of installations. Individual collectors 
will have performances depending upon the 
characteristics of the material to be sep- 
arated from the air, and must be selected 
on an individual basis in accordance with 
good industrial practice. 

In addition to air cleaning efficiency, two 
important factors to be considered are the 
variation in resistance to air flow between 
individual collector units, and the frequency 
and complexity of repair and maintenance. 
Where bag-type collectors or scrubbers are 
used, ventilation systems should be designed 
to provide sufficient capacities in dust con- 
trol hoods at maximum collector loadings. 
Collector maintenance — usually — involves 
seriously high transient dust exposures. It 
is virtually impossible to provide primary 
control for these operations. 

Waste Disposal.—The responsibility of 
management at a beryllium facility must 
include the fate of solid and liquid wastes 
as well as gaseous wastes beyond the facility 
perimeter. Some of the factors which have 
led to the present Commission policy relat- 
ing to waste disposal are discussed below. 

Whereas gaseous beryllium bearing wastes 
are known to have caused nonoccupational 
illness, solid and liquid wastes have not. 
However, relatively high concentrations of 
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beryllium have been measured in the vicinity 
of beryl ore stockpiles on the open ground, 
and it might be conjectured that dust could 
be similarly dispersed from dry waste. 
(Such sources may possibly contribute to 
the neighborhood concentrations under spe- 
cial circumstances and becloud the interpre- 
tation of offsite monitoring samples.) The 
concentration of beryllium in waste materials 
would doubtless be considerably less than 
that found in beryl. But even though the 
likelihood of creating an actual hazard 
through the release of waste materials is 
exceedingly small, it behooves management 
to take some precautions. This has been 
evident from the inception of Commission 
activity in beryllium work and is made 
necessary by the ever present problem of 
public relations. Beginning with the publicity 
which occurred in 1949-1950 concerning the 
various aspects of beryllium toxicity, the 
public has become generally aware of its 
dangers, and in the vicinity of beryllium 
facilities people are prone to be overly 
sensitive to real and imagined dangers. This 
suspicious and sometimes hostile attitude of 
neighbors has presented problems in the 
form of liability proceedings and undeserved 
criticism in the press. 

In view of the public attitude, the treat- 
ment of wastes in some cases requires 
greater care than indicated by the potential 
hazards. The Commission has come to 
agreements with local state health 
authorities where large production facilities 
exist that the beryllium content of bodies 
of water into which liquid wastes are intro- 
duced will be maintained below 1) ppm. 
Recent range finding tests by the U. S. 
Public Health Service '® indicate that under 
certain specialized test conditions, death was 
produced in fish by Bet++ concentrations 
as low as 0.1 ppm. Although this work 
has not been repeated, it is mentioned as an 
indication that the value 1 ppm may require 
downward revision. 

Where large quantities of solid wastes 
have been generated, they have been stored 
in a manner to minimize leaching to surface 
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water run-off or into ground water strata. 

The degree of the solid and liquid waste 
disposal problem depends on the quantity 
of beryllium materials processed. In labora- 
tory or other small operations, liquid wastes 
‘can be dumped down a sink drain with no 
hazard. Small quantities of solids may be 
discarded with other rubbish, but it is ad- 
visable to wrap them to eliminate contamina- 
tion during handling. Where the systematic 
generation of wastes is of the order of 
pounds or more per week, the effects of 
disposal should be more carefully scruti- 
nized. At full-scale production facilities, 
where wastes amount to tonnage quantities, 
precautions should be taken as described 
below. 

The three major sources of solid waste 
materials in transforming beryl to metallic 
beryllium are: 

1. Alum: This is a fine crystalline ma- 
terial, generally containing <0.10  beryl- 
lium, which is produced from the aluminum 
fraction of the beryl. Assuming a produc- 
tion rate of 100,000 Ib. beryllium metal per 
year, the alum production would be of the 
order of 1,500 tons. 
amount of waste material, but its 
beryllium 


This is not a large 
small 
content introduces disposal 
problem. Some of the solid waste materials 
have commercial by-product value, but it is 
difficult to sell them: although harmless in 
the envisioned uses, the beryllium content, 
small as it is, has generally made the 
material psychologically unacceptable to po- 
tential consumers. 

2. Magnesium luoride: This material is 
produced in about the same quantities as the 
alum, and contains possibly as high as 0.5% 
beryllium, 

3. Miscellaneous Sludges: These are 
largely fluorides and sulfates from the re- 
fining of the metal and may contain as much 
as 0.59% beryllium. 

At a production rate of 100,000 Ib/year 
of metal, it can be expected that sludges 
of the type described above will be produced 
at a rate of about 5,000 tons. Whereas this 
material may be stored on the ground as is 
usual with industrial chemical solid wastes, 
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the presence of small concentrations of 
beryllium and relatively high quantities of 
fluoride requires supervision of storm water 
run-off and reflotation by the wind. If the 
storage area can be on impervious ground 
and the rate of surface evaporation exceeds 
the rainfall, the storage should present no 
problem. If these conditions do not pertain, 
other means of disposal should con- 
sidered. 

The wet processing of beryllium generates 
fairly large volumes of liquid waste ma- 
terials which usually 


such as 


contain 
sulfate and aluminate, 
contaminated with relatively low beryllium 
content. 


common 
chemicals 


Wet scrubbing devices add to the 
load of liquid effluent. 100,000-Ib/year 
plant can be expected to produce about five 
million gal. 


waste. In the vicinity of a 


large river this should present no great 
problem; but if no such large volume of 
water is available, other disposal means 
must be considered. It has sometimes been 
found necessary to use a rather complex 
system of controlled discharge into relatively 
small streams at periods of high run-off. 
In the past the controlling factor in liquid 
waste disposal has been the sulfate con 
tent, which has been limited to not more than 
100 ppm above the normal background of 
the river. 


Supervisory Controls 


Training and Supervision. The manner 
in which employees operate plant equipment 
is as much a part of dust control as is local 
exhaust ventilation. Of particular impor 
tance are specific procedural details for 
manual tasks. Examples of jobs which can 
be dusty if improperly executed are plac 
ing and lids from containers, 
handling tools in and out of hoods, transfer 
of in-process material, 


removing 


furnace charging, 
ete. 

There are ways to do jobs of this nature 
with a minimum of dusting. It is important 
that each worker be acquainted with the 
best procedures and apply them consistently: 
rules of good operating practice must be 
rigidly enforced. 


I‘requently the safest 
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practices are tedious or require special effort. 
(Needless to say, best results occur where 
control design adds minimal operating in- 
convenience.) Workers will be more willing 
to comply with such rules if they understand 
the reasons for them; therefore, a program 
of education about known beryllium hazards 
is beneficial to both supervisors and work- 
ers. It should create a feeling of respect 
rather than fear for beryllium materials. 
There is a marked tendency even for per- 
sons acquainted with the toxic aspects of 
materials to lose sight of their potential 
hazard as time passes because of familiarity, 
and therefore to become less careful in han- 
dling procedures. To counteract this tend- 
ency, supervisory personnel must be 
continuously on the lookout for deviations 
from good practice and must immediately 
censure employees who commit infractions. 
In-Plant) Air 


evidence of overt disease, the only means of 


Monitoring.— xcept for 
determining whether satisfactory control is 
being maintained is to measure the beryllium 
dust concentration in the environmental air. 
bioanalytical method has not yet been 
found which correlates with beryllium ex 
posure or illness, although bioanalysis has 
been found useful in the case of other toxic 
substances. 

The 


integral part of dust control and may be 


survey of dust exposures is an 
considered as the proof testing of engineer- 
ing controls. It often constitutes a basis for 
redesign or modifications toward better con- 
trol. Basically, it serves two important pur- 
poses: it provides an evaluation of the 
exposures of employees to beryllium, and it 
enables the engineer to detect: sources of 
contamination. Monitoring must be per- 
formed on a repetitive basis in view of the 
changeability of dust concentrations ina 
plant. Deterioration of equipment, employee 
turnover, relaxation of clean work habits, 
process changes, and seasonal effects are 
factors which tend to change control ef- 
fectiveness. This variability may be more or 
less pronounced according to the nature and 
size of the beryllium process. In any case, 
the air sampling technician should be in 
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frequent contact with all phases of the 
operation so that the effects of process 
changes on air contamination can be quickly 
identified. 

In addition to spot checks at new or 
modified processes, an in-plant dust monitor- 
ing program should include complete plant 
surveys about every quarter year, designed 
so that each employee’s exposure may be 
evaluated. ‘rom this information, signifi- 
cant trends in exposure can be examined 
with a view to finding possible trouble areas. 

The time required to complete a complete 
plant survey is quite variable depending on 
the number of employees and the number 
and complexity of the jobs. The most 
effective, reproducible, and useful type of 
plant survey involves obtaining sufficient 
samples suitably located to permit calcula- 
tion of a time-weighted average exposure. 
This takes considerable effort, but has been 
productive. production extraction or 
fabrication plant employing ~150 to 250 
persons can be adequately sampled and 
studied in 7 to 10 man-days, with the col- 
lection of 300 to 500 samples. A small 
laboratory or shop employing up to 12 
persons may take 1 to 4 man-days, depend- 
ing on the repetitiveness of the operations. 

The first phase of an exposure survey 
consists of the collection of air samples 
throughout the plant. To evaluate an average 
daily exposure properly, the dust concentra- 
tion at each job performed by an employee 
throughout the day must be known; 
obviously a great many samples must be 
collected for a plant of moderate size. The 
number of samples necessary for full ex- 
posure evaluation is quite variable, the num- 
ber of samples per employee diminishing 
with an increasing number of employees. 
lor fewer than 10 persons, from 10 to 25 
samples per person may be required; for 
50 to 250 persons, from 1 to 3.5 samples 
per person may be sufficient. 

IXquipment: Any air sampling device that 
separates the air contaminant in a manner 
suitable for chemical analysis can be used 
for beryllium monitoring provided the sam- 
pling rate is great enough. A high sampling 
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rate is necessary because of the normally 
low beryllium concentration at an adequately 
controlled facility. A minimum rate of i 
cfm is recommended and higher rates are 
desirable. high-volume filtration-type 
sampling unit!® originally conceived by 


HASL. 


possesses several characteristics particularly 


Silverman and later modified at 
favorable for beryllium sampling. A high 
volume rate (20 cfm through a 4-in. What- 
man #41 filter disc) provides good sampling 
sensitivity in a short time in atmospheres 
where concentrations are normally expected 
to be low. The unit is compact, weighing 
about 11 Ib., and may be supported in the 
hand while taking samples for short periods. 
Sampling heads in which the filters are held 
can be interchanged readily, so that heads 
may be prepared in a clean area in advance 
of sample collection to prevent contamination 
in the plant. The Whatman #41 filter paper 
normally used in this instrument is ashless, 
which simplifies the analytical procedure. 
At a sampling rate of 20 cfm the linear 
velocity through the filter paper is approxi 
mately 200 fpm. 
this velocity have been reported to be 854% 


Collection efficiencies at 
for uniform liquid droplets ' 0.34 in diam 
eter and better than 900 for dust distribu- 
tion? with a mean size (by weight) of 

Great care must be exercised in handling 
the filter dises to prevent contamination; 
they should be manipulated by forceps. After 
sample collection the dises should be placed 
in individual glassene or cellophane en 
velopes and remain untouched until analysis. 

Survey Procedure for Obtaining Time 
Weighted Exposures: Samples should be 
collected at all potentially contaminating 
operations and in all areas occupied by em 
ployees for significant periods. The selec 
tion of areas and operations to be sampled 
is based on a careful observation of each 
employee’s work procedure. The time dur 
ing which he is exposed to each concentra 
tion must also be known and can be obtained 
while samples are being collected. 

Upon mipletion of a sury ey, the collected 
sample and time data are used to compute 
Harris 
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the exposures of individual employees. The 
organization of the data for these compu- 
tations may be greatly simplified by the use 
of a standard form? completed for each 
job in the plant. The form is designed for 
efficient data tabulation and simple, direct 
interpretation. The following explanations 
may clarify its use. 

Column 1. The samples are designated as 
BZ or GA, 


zone” and “general air” which refer to the 


abbreviations for “breathing 
manner in which the samples are collected. 
Breathing zone samples are collected where 
a worker may be exposed to contamination 
from a specific source at which he is per- 
The intake to the 
sampling instrument is held near the work- 


forming an operation. 


er’s nose for the duration of the operation. 
General air samples are collected to measure 
concentrations in areas occupied by em 
ployees when they are not engaged in 
specific dusty Operations, such as process 
areas, lunchrooms, locker rooms, and rest 
areas. For these samples, the instrument 
is fixed in one location for the sampling 
period, usually 30 to 60 min. 

Column 5. Replicate samples are collected 
at each operation and in each area. Generally 
a minimum of 3 breathing zone samples is 
collected at each operation. From 3 to 20 
or more general air samples may be required 
from an occupied area depending upon 
size, number of occupants, and complexity 
of operations performed within it. 

Column 9, The summation of the product 
of average concentration (column 5) and 
time per shift (column 4) is divided by the 
total time in the shift to yield an average 
weighted exposure. This relationship may 
be expressed 
X<C) 


Average Concentration 
This 
satisfy the basic criterion of safe exposure 
The 


stipulates 


value must be m or less to 


Column &. second item of the ex 


posure criteria that no single 
concentration should exeeed 25n¢/m*. This 
column provides the data as to whether or 
not this criterion is met. 

The above example illustrates the method 


of evaluating the exposure of each employee 
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in terms of the criteria currently accepted. 
If an exposure is found to exceed the stated 
limits, the analysis sheet provides a direct 
guide to the operations or areas involved, 
so that controls may be corrected or added 
as needed. If average exposures exceed 
specified criteria, column 9 will reveal which 
exposures contribute most to the shift total, 
and improvements may be made in appropri 
ate locations. 

Out-of-Plant Air Monitoring.—TVhe ulti 
mate effectiveness of any control of air 
borne effluents is determined by the resultant 
average ground Jevel concentration, which 
is best determined by direet, continuous 
measurement. It is also useful some 
instances to measure the quantity of material 
leaving the stack, particularly early in the 
operation of new pollution control equip 
ment as a check on performance compared 
to design predictions. Stack sampling is a 
well-known procedure and can often be 
easily accomplished. the other hand, 
difficulties can arise from large duet) or 
stack cross sections with sharp velocity 


gradients and/or marked turbulence, or 


from the presence of entrained moisture, 
corrosive acids, heavy loadings, or combina 
tions of these. 

In an installation where the effluent beryl 
lium rate may be capable of producing 
average ground level concentrations exceed 
ing or even approaching O.OLag/m*, a con 
stant check on the existing concentrations 
should be obtained. A properly designed 
monitoring system will provide data which 
can be evaluated as long-term averages; 
instantaneous peak values are generally not 
considered significant. The out-of-plant ex 
posure criterion ts an average monthly con 
centration at the breathing zone level (3 to 
6 ft. above the ground) not >O.01pg/m*, 
in all directions from the plant. The average 
concentration in any direction will vary with 
the frequency with which the wind blows 
in that direction and with the time variation 
of beryllium discharge rate from the stack. 
In order to know whether the criterion. ts 
being met, only the highest average con 
centration each month need be known, re 
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gardless of its direction. If this value is 
<O0.01pg/m*, it follows that the averages 
in all other directions are within the allow- 
able limit. 

To obtain a valid monthly average con 
centration, continuously operating samplers 
must be employed. [experience has shown 
that a permanent system of samplers can be 
serviced with relatively little trouble and 
can provide dependable service. The basic 
problem is to select sampler locations which 
will yield reliable and meaningful informa 
tion. 

The maximum ground level concentration 
occurs at a distance which ts predictable, as 
previously shown, on a theoretical basis but 
highly variable, changing with wind speed, 
lapse rate, and other factors. The distance 
is most frequently from 5 to 300 stack 
heights, and 3 sampling units located at suit- 
able intervals along this span can be expected 
to pick up the most severe concentrations. 

lor a constant rate of contaminant emis 
sion, the maximum monthly average concen 
tration would be expected to occur in the 
direction toward which the wind blows most 
frequently; therefore it is desirable to place 
samples along a line in the prevailing down 
wind direction. If the prevailing winds were 
invariable, one line of samplers so placed 
would provide all the required information; 
however, prevailing wind directions change 
seasonably in many locations. Availability of 
power to the units and ease of access to the 
units are also important factors in_ their 
placement. An array of sampler lines dis- 
tributed in many directions would insure the 
detection of the maximum monthly average 
regardless of wind direction, but experience 
has proved the efficiency of setting the 
samplers in a single convenient line and 
correcting the concentrations obtained by 
the ratio of wind frequency in the direction 
where it is maximum to wind frequency in 
the chosen direction during each monthly 
sampling period. Although some error is 


introduced, the values are sufficiently ac- 


curate for the purpose. lor this procedure 
cumulative wind frequency direction 
data are needed. They may be obtained from 
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a recording wind vane and anemomeier at 
the plant site or from a U. S. Weather 
Bureau station if nearby. 

Irom the cumulative wind data a wind 
rose may be plotted for each month showing 
the percentile frequency of the winds in 
The ratio 
of the frequency in the monthly prevailing 


each compass point. direction. 


direction to the frequency in the sampler 
direction may be multiplied by the maximum 
average concentration detected to obtain an 
estimate of the maximum average for the 
month, if it 1s that 


does 


assumed the rate of 


contaminant emission not vary sub 


stantially and that significant bias in 
any direction is 


brought about 


teorological conditions. 


by me 

Sampler location must depend somewhat 
on available sites. The most desirable loca 
tions from the standpoint of prevailing wind 
be of 


topography or buildings or for other reasons. 


direction may inaccessible because 
The local area where the sampler is to be 
placed should be relatively free of tall ob 
structions. The samplers must be sheltered 
from the weather; for this purpose a small 
“dog-house” type of hut with louvered open 
ings to permit good air circulation is suitable. 

The high-volume sampler deseribed pre 
viously as an in-plant survey instrument ts 
equally suitable for outside air sampling. 
These units may be operated continuously 
for periods up to several days without filter 
change. [experience indicates that with 
monthly brush replacement the pumps may 
be expected to operate for years without 
servicing. For this purpose an MSA type S 
filter has been used rather than the What 
man #41 because it 


air flow and a greater surface area. 


has less resistance to 
Thus, 
the sampler operates at a higher tlow rate, 
which is desirable for outdoor air sampling. 
This paper contains considerable ash, which 
makes analysis for small quantities of beryl 
lium difficult, but the large air volume filtered 
in out-of-plant monitoring tends to counter 
act this difficulty. 
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Medical Control Procedures* 


Medical control must be an integral part 
of the occupational hygiene program for 
two reasons. (1) Despite the relatively long 
period of operation without significant overt 
illness under the exposure limitations dis 
cussed above, it cannot vet be stated with 
certainty that the 


concentration values 


maximum — allowable 
safe under all con 


Ixxperience suggests that, if any 


are 
ditions. 
thing, the in-plant values may be somewhat 
conservative, but it is possible that chronic 
ness may still appear after longer inter 
vals. The between 
permissible occupational and nonoccupational 
exposure levels is yet to be resolved. Hence, 
a medical 


apparent discrepancy 


examination program is needed 
to detect symptoms of illness. (2) In almost 
any conceivable operation, accidental ex 
posures in excess of target levels are likely 
to occur, the probability increasing with 
larger quantities of in-process material and 
with operational modifications. Occasional 
failures occur the most carefully de 
signed controls and these may be undetected, 
particularly if only transitory. 

The lo 


screen prospective employees for persons 


medical program designed 
who may be predisposed to respiratory al 
ness, to discover Incipient illness by periodic 
examinations, 


to prescribe for 


overt illness, to determine preventive meas 


treatment 


ures including therapeutic layotf, to dif 


ferentiate beryllium disease from other 


illness, to maintain medical records, and to 
perform 


examinations at 


termination of 


employment. 
rhe are 


based on data gathered at plants producing 


recommendations follow 


which 
berylhum salts from: ore and are conserva 
tive in that they are designed for conditions 
involving massive quantities of beryllium 
materials with consequent possibilities of 
gross contamination on work clothes, direet 


dermal of 


occasionally 


contact with any a variety of 


compounds, and severe ex 


posures to dusts or fumes. They are sub 


*We acknowledge the assistance of Dro Irving 


‘Tabershaw in the preparation of this section.” 
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A. 


ject to modification in the case of lower 
potential exposures, e. g., at a laboratory 
project where comparatively small quantities 
are used, frequency of examinations might 
be reduced or other relations might be per- 
missible, but these should be approved by 
a physician. 

The 
following premises : 

(1) Beryllium and its salts are toxic and 


control program is based on_ the 


produce in man acute pulmonary, chronic 
pulmonary dermal, and systemic manifesta- 
tions. 

(2) Beryllium poisoning appears to occur 
in association with industrial processes in 
which beryllium and/or its salts contaminate 
the atmosphere. 

(3) The disease is not limited to workers 
but many occur in those living in the im- 
mediate vicinity of a plant or in the families 
of workers who come in contact with the 
beryllium brought home on soiled work 
clothes. 

(4) Certain pre-existing physical condi- 
tions may predispose to the disease or be 
adversely affected by exposure to beryllium. 

(5) Inhalation of beryllium compounds 
may produce acute or chronic pneumonitis. 
Dermatitis occurs when the skin comes in 
contact. with soluble beryllium salts, and 
ulceration frequently after a soluble particle 
has penetrated the skin. Chronic granuloma 
may develop at the site of implantation when 
an insoluble beryllium salt or beryllium metal 
has been introduced under the skin. 

(6) The respiratory tract is the chief site 
of beryllium poisoning. In both the acute 
and the chronic type severe dyspnea and 
The 


gravity of the condition is directly related to 


pulmonary changes are outstanding. 


the status of the respiratory and cardio 
vascular systems, and both must be evaluated 
completely for prevention as well as treat 
ment of the condition, 
Physical Examinations. 
placement. All 
service, maintenance, and yard workers 


Schedule: Pre 


enmiployees office, shop, 

should be examined prior to entry. 
Periodic, Employees routinely occupied 

in areas which 
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M 


cutaneous manifestations are possible should 


acute) pulmonary or 
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be examined every week. 

I:mployees routinely occupied in areas in 
which only chronic pulmonary manifesta- 
tions are possible should be examined every 
month and have a 14X17 in. (35.543 cm.) 
roentgenogram of the chest made every six 
months, 

those employees intermittently oc- 
cupied in areas of possible exposure, the 
frequency of examinations should be de- 
termined by the plant physician. 

All 


should receive a yearly examination. 


employees with possible exposure 

Ikmployees who have had previous acute 
manifestations should have an examination 
at least every three months. 

All previously exposed persons who have 
had any prolonged physical stress such as 
serious illness, surgical operation, or child- 
birth should have at least monthly examina- 
tions for a minimum of six months after 
returning to work in any area. 

Terminal. [:mployees should be examined 
at termination of employment unless a 
routine complete physical examination and 
chest x-ray has been done within one month. 

Scope: Preplacement. This examination 
should include complete medical oc- 
cupational history; complete physical ex- 
amination; special attention to weight, vital 
capacity, pulse rate before and after ex- 


ercise, and skin; the following 
laboratory procedures; standard 14 17-in. 
roentgenogram of chest, urinalysis, and 


complete blood count. 

Periodic: weekly and monthly. This ex 
amination is to cover symptoms review, 
weight, vital capacity, condition of skin, 
nose, and throat, plus further examinations 
if any positive symptoms are found. 

This 


should be the same as the preplacement ex 


Periodic: yearly termination. 


amination, 
Results of examinations are 
All ree 


ords are to be kept in a locked file to which 


Keeording : 


to be recorded on standard forms, 


only authorized personnel have access. One 
person, perferably a member of the plant 
medical department, shall be charged with 
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the responsibility of completing and main- 
taining records. 

Physical Standards for Employment 
Subject to the final judgement of the 
examining physician, the following abnor- 
malities may be considered as disqualifying. 

(1) A history of repeated infections of 
the respiratory tract, chronic cough, unstable 
tuberculosis, any acute diseases of the liver 
with sequelae, acute disease of kidney with 
sequelae, asthma or other respiratory tract 
allergy, or prior occupational disease, es 
pecially of the respiratory tract. 

(2) l:vidence on physical examination of 
chronic disease, organic 


any pulmonary 


heart disease, enlarged liver, or deficient 
vital capacity. 

(3) Results of laboratory tests showing 
roentgenographic evidence of any form of 
pulmonary fibrosis, except apical pleural cap, 
or of active or unstable tuberculosis, ex 
cept caleihed primary complex; abnormal 
heart shadow associated with diminished 
cardiac reserve; persistent protemuri (other 
than postural ), casts, red cells, or pus in 
abnormal amount in-urine; or abnormal 
hematologic findings. 

(4) Other special factors described below 
Medical Iexamina 


under “Procedure for 


tion.” 
Medical Personne! and Facilities..—\Vixed 


standards cannot be established. The pro 
gram must be under the supervision of a 
physician, and the personnel and the 
facilities shall be adequate to permit proper 
execution of the program outlined. 

separate) room, affording complete 
privacy, is considered essential for carrying 
out examinations and for housing records. 


Laboratory examinations may be per 
formed outside the plant if facilities are not 
available within the plant. 


Appropriate medical consultants should 
be used when indicated. 

Prophylactic and Therapeutic Regimen 
The decision as to the treatment of per 
sons with accidental significant exposure or 
overt. illness due to 


with suspected or 


beryllium compounds must be left to the 
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attending physician. The following points 
are given as a general guide. 

In any case of suspected significant ex- 
posure that may produce acute manifesta 
tions, examination should be done daily for 
one week and weekly for two weeks there 
after. 

Any employee who develops a cough, pain 
or tightness of the chest, anorexia or loss 
of weight, shortness of breath, or related 
symptoms should be kept under medical 
surveillance until the symptoms have disap 
peared or until the cause has been definitely 
established as other than beryllium. 

An employee presenting any of the above 
symptoms subsequent to known massive ex 
posure should have a prophylactic layott 
with satisfactory compensation and rest at 
home and should be visited daily by a 
physician, the duration of the layoff being 
determined by the latter. Satisfactory 
compensation is suggested to encourage em 
ployees with symptoms to report early, since 
early detection of acute bervilium potsoning 
is of prime importance. 
abnormal 


Symptoms plus any physical 


finding should entail a prophylactic layoft 
and strict rest in bed at home with daily 
visits of the physician, depending on 
severity 

Symptoms plus reentgenographic evidence 
of pneumonitis and/or evidence of oxygen 
deficieney call) for hospitalization 

Kest in bed, oxygen, symptomatic treat 
ment, and possibly the refined steroids are 
the only therapeutic measures recognized at 
present. 

The use of aminophylline, antihistamine 
drugs such as diphenhydramine hydrochlo 
ride N. N. R. 


and tripelennamine hydrochloride N. R. 


(Benadryl hydrochloride® ) 


(Pyribenzamine® ), and positive pressure 
oxygen breathing may be tried at the judge 
ment of the physician. There appear to be 
no contraindications to the use of these 
drugs, but neither is there conclusive evi 
denee of any therapeutic value. The early 
and judicious use of the refined steroids, 
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e. g., Meticorten, Aristocort, ete., has in- 


dicated these to be of value. 

All persons having occupational contact 
with beryllium should be warned of the 
potential dangers and instructed in methods 
of protecting their health, 

and supervisors should be in 
structed to be on the alert) for supicious 
symptoms in any of their men. 

Procedure for Medical /-xamination 
Preplacement: In addition to the general and 
medical history, occupational history 
should be taken containing full details of 
all previous with 


employment special 


emphasis on exposure to dusts, fumes, 


gases, ete. It should be noted whether or 


not accidents were industrial and com 
pensable, and when and where operations 
were performed, 

Temperature, pulse rate, respiratory rate, 
and weight may be taken and vision and 
hearing tested by a nurse. 

Special Tests and Standards: Recent loss 
of weight should be scrutinized by the ex 
amining physician as possible evidence of 
weight 1s 
generally one of the outstanding manifesta 


associated disease. Loss of 
tions of pulmonary disease in’ beryllium 
workers. 

A pulse rate consistently above 96/min. 
should be cause for further study and 
possible exclusion from employment, Failure 
of the pulse rate to return to not) more 
than 10 beats above the resting rate 2 min. 
after exercise (hopping on each foot 20 
times) may indicate poor circulatory fune 
tion. The cardiac status should be evaluated 
on the basis of all pertinent findings in 
cluding physical and roentgenologic ex 
aminations, 

Vital capacity measurements are to be 
made with standard apparatus and subject 
Values more than 15 below normal 


standards 


erect. 


may be cause for exclusion. 


Diminishing function may indicate incipient 
pulmonary damage. 


Exposure Experience 


In-Plant Concentrations.—In the design 


and installation of for toxic 
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materials, it is useful to know the extent of 
previous control measures. Many years of 
experience with the handling of beryllium 
under a wide variety of operations and 
conditions, representing normal plant prac- 
tice under engineering control specifically 
designed to provide adequate protection to 
the employees, have resulted in a large mass 
of data. 


iables organized according to classes of 


These arc presented in several 
processes. Dust concentrations and methods 
of control used are listed for specific opera 
tions. Ikach concentration value is an aver- 
age from two or more replicate air samples 
collected during a given survey. In most 
cases operations were sampled on several 
surveys, and the highest, the lowest, and 
the median of the average concentrations are 
presented, Where enly one value (median ) 
or two values (highest and lowest) are 
listed, the operation was sampled in only 
one or two surveys. Most of the data given 
are breathing zone concentrations, but some 
general air concentrations are included to 
give an indication of background and over- 
all employee exposures. 

It should not be concluded that the listed 
concentrations are invariably associated with 
the listed operations. Control equipment of 
vield 


correspondingly higher or lower concentra 


greater or less effectiveness would 


tions. The wide spread between the high 


and low concentration values for some of 
the operations is in part a reflection of im 
provement in control design effected during 
the operational period; however, it also re 
Hects normally experienced fluctuations in 
control effectiveness resulting from changes 
procedure personnel and other 
aspects of plant operation such as house 
keeping and ventilation system performance. 


Table 1 the 


during fabrication of beryllium metal from 


presents values obtained 


sintered powder. Some of the operations 
deseribed were carried out only once, on an 
experimental basis. In some cases adequate 
control was found too difficult and the opera- 
tion was discontinued. 

Table 2 presents data collected during the 
handling of beryllium powders. These are 
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TABLE | 


Metal cutting, lathe operations 
Chipping 
Turning 
Drilling 
Jig boring 


Ventilated collar 


Sawing (band) 
Milling 
Metal grinding 
Surface grinding 
Cutotl wheel 
Centerless grinder 
Miscellaneous impact 
Forge (cold) 
Shear 
Extrusion (cold 
Load end 
Discharge 
Discharge Unjacketed 
General machine shop air 


Hi-velocity pickup 
Hi-velocity chip pickup, water coolant 
Hi-velocity chip pickup 


Ventilated enclosure 
Ventilated enclosure 


Open end steel jacket 
Open end steel jacket 


Metal labrication 


Be Concentration, 


Max Min Median 


Enclosure, hi-velocity pickup 
Enclosure, hi-velocity pickup 


Enclosure, water coolant 
Enclosure, water coolant 
Enclosure, water coolant 


Note: Each value represents the average of replicates collected on a single survey 


* At least three surveys except as noted 
+ Dust created by manual handling rather than operation 


‘prepared by chipping vacuum cast ingots on 
a chipping lathe (see Table 1) and charging 
the chips into an attrition mill for grinding 
to a fine sieve size. The powder from the 
mill normally discharges into a glass con 
tainer screwed to the discharge spout. 
Powders of various analyses are blended 
and charged into a steel compact die, which 


is then welded, loaded into a sintering fur 


nace, and sintered under heat and pressure 


The steel die is later stripped from the final 


compact. Again it) should be pointed out 


that the data presented show BZ concentra 


Taste 2—Powder 


Powder preparation (changing containers 
Blending (small Hood-hand port 
Blending (large) 
Compacting 

Vertical sintering face 


sooth 


Ventilated collar 
Load 
Unload 
Die stripping 
General air, furnace area 
General air, powder preparation area 
Chip handling 
Change receiver 
Pneumatic transfer to drum 


* Only two values. 
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Ventilated enclosure 


Ventilated enclosure 


This was a crushing operation 


tions under particular set of cireum 


stances. Some of the values represent 
actual exposure to the employee; others do 
not, because the employee was protected by 
a dust respirator. 

Table lists operations involving the 
handling of beryllium pebbles and casting 
pebbles into ingots. 

Table presents gathered during 
operations involving beryllia. [tis important 
to note that the operations specified in the 
table vary greatly magnitude, some 


cases being on a small laboratory seale and 


Handliig Operations 


Be Concentration, ae 
Max Min Median 


Is 


lsolated, ventilated room (respirator 


2.4 1.1 
5S 10 1.2 
: O45 4.0 
5.2 1.3 
7.2 oY 
5.3 0.2 
Ol 10 
2° 
30 
32 ° 
17 10 1.3 : 
20 1s 
23 03 
200 ol 
7.1 
13 
$2 1.5 9.7 
Os 
40) Os : 
4 0 $4 
4 12s 63 
of os 
4 2.2 Os 
12 9.1 : 
7 2.4 M4 
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Taste 3.—Metal Handling Operations 


Be Concentration, 


Max. Min. Median 


Pebble sampling (Vezin) 


Ventilated enclosure 13.5 
Pebble (bead) weighing Inadequate ventilation 66 21 
Vertical-pour vacuum face 
Charging pebbles Ventilated semienclosure 23 46 1 
Remove billet and mold Ventilated semienclosure 41 9 24 
Clean billet and mold Ventilated table with backdraft 42 1.5 29 
Clean crucible Ventilated table with backdraft 3.8 3.6 37 
General air, vacuum casting area 4.8 3.6 2. 


Tilt-pour furnace 


Charge pebbles Flexible exhaust duct 11 RS 10 
Pour Ventilated collar 20 3.5 12 
Remove billet and mold Exhausted buggy 49 4.3 60 
Remove billet from mold Exhausted cabinet 6.2 0.5 ov 
General air, vacuum casting area ws 8.6 4.2 


Sand blasting ingot Commercial sandblast booth 


in others involving large quantities of | not represent ideal conditions but are the 
material, actual results obtained. 


Table 5 includes miscellaneous chemical Table 7 is a list of auxiliary operations 
and) furnace operations. Most of these — related to plant services. 


derive from work performed in a_ single All the dust concentration data given so 
metallurgical plant, but certain other data far represent. specific types of equipment 
are given, In the case of manual handling, and operations. All the data of this type 


the samples represent the averages of obtained from two operating plants are 


breathing zone levels. Where no breathing combined and presented graphically in 


zone sample is shown, it was possible to Figures 20 to 23, which show composites 
gather data only from the general atmos- of dust concentrations and = personal ex- 


phere because of the automatic nature of — posure histories from the two plants, one 


the operation. being a refinery producing recast metal 

In Table 6 are the data from miscella- from beryl and the other a powder metal 
neous operations encountered in beryllium plant) producing finished sintered shapes 
processing. It should be noted that these do 


from recast ingots. All the data resulted 


TABLE 4.—-Beryllia Operations 


Be Concentration, wg/M * 


Max. Min. Median 


Caleining BeSO, to BeO, beehive furnace Slot hood 


Charge 14 0.5 

Unload 336 4.7 

General air 09 0.2 0.5 
Fused BeO, fusion furnace Ventilated enclosure 

Manual charge 36 

Pneumatic charge 4.6 1.6 3.1 

Clinker break-up 3.5 
Crushing BeO 

Jaw crusher Ventilated feed 38 0.7 19 

Roll crusher Ventilated enclosure 5.3 2.7 4.0 
Ceramic operations Chemical hood 

Mixing slip 0.5 

Shaping form 06 
Tamping powder Downdraft hood 2.3 
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Filtration 
Clean large Sparkler 
Clean large Sparkler 
Clean Hercules 
Clean basket centrifuge 
Continuous centrifuge 

Change discharge drum 
General air 

Crushing 
Beryl jaw crusher 
Beryl! ball mill, charge 
Frit ball mill, general air 
Ball mill, wet 

Charge 
Dump 

Electrolysis 
Sampling salt 

Hoe product 

Dump product 

General air 


data were collected 


relatively short period of very intensive 


sampling; 


in 


TABLE 6 


BeF sublimation 
Charge retort 
Insert liner 
Remove liner 
Remove condenser 
General air 

Sulfating furnace 
Ignite burner 
Remove coverplate 
Replace coverplate 
General air 

Bery] fusion 
Pour 
General air 

NH. BeF decomposition 
Change feed drum 
Change discharge drum 
General air 

BeF reduction 
Charge 
Pour 
Change molds 
General air 

frit heat treatment 

General air 
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TABLE 


either from approximately annual surveys 
conducted by the HASL or from routine 
daily dust samples collected by the industrial 
hygiene staffs of the two plants. The HASIL. 


each 


therefore, although presumably 


Beryllium Production, Miscellaneous Furnace Operations 


5.—Miscellaneous Chemical Operations 


None 

None 

Canopy hood 

Ring slot 

Negative pressure on casing 


Ventilated enclosure 
Ventilated enclosure 


Unit under negative pressure 


Booth 
No ventilation, wet material 


Local exhaust 


Case Over a 


Ventilated enclosure 


Ventilated buggy 
Ventilated buggy 


Ventilated enclosure and local exhaust 


Ventilated, horizontal collar 
Canopy hood 


Ventilated enclosure and local exhaust 


Ventilated enclosure and local exhaust 


Rotary kiln, loeal exhaust at ends 


year, 


Max. 


Max. 


5,000 
85 
13 


59 


15 
4.5 


Min. 


Be Concentration, we/M * 


OY 


typical, they do not represent average condi- 
tions throughout the year. The purpose of 
these surveys was to check the data obtained 
by the plant staff members. It is not unlikely 


that marked deviations occurred within the 


Be Concentration, /M* 


Min 


Median 


Median 
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2.5 
21 03 2.3 
21 13 6.9 : 
j 6.7 3.9 5.3 
15 4.9 51 
09 0.2 06 
4 O.O1 
0.02 
2.6 0.5 07 
59 = 2.7 
9.5 
13.6 
10.4 
68 : 
— 
ay 
38 
10 
26 
1 38 22 
Os 50 
2 = 0.2 1.2 
O46 11 
19 19 3.5 
2.2 76 
3.6 0.7 1.2 
16 
29 14 
26 14 


A 
Taste 7.—Auxiliary Operations 


Be Concentration, 


Max. Min. Median 

Housekeeping 

Wash floor (hose 30) 27 

Sweep floor 2.9 

Vacuum floor 
Laundry 

Load dry clothes 40 

Remove wet clothes 1.1 

General alr 1.3 0.3 07 
Lunch room 2.5 0.2 Os 
Lacker room 0.2 Os 
Maintenance shop 07 0.2 0.5 


Figures 20 and 21 show the breakdown 
by concentration range of all dust samples 
collected by HASI. during each survey over 
an 8-year period. The number of samples in 
each survey is given, and cumulative per cent 
greater than stated concentration is plotted 


% GREATER THAN S 


CONCENTRATION OF BERY 


Fig. 20 


A 
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against concentration of beryllium in air for 
In ligures 22 and 23 the 
concentration data 
with 


every survey. 


same air have been 


weighted time for each individual 
operation to yield daily average exposures 
for employees, and against this is again 
plotted cumulative per cent greater than 
stated 


concentration. The procedure used 


for converting the data is discussed in 
Keference 20. 

This type of data leads to speculation 
about the meaning of the patterns it ex- 
hibits; however, in doing so, many factors 
must be kept in mind. For example, in 
ligures 20 and 21 a trend is apparent to- 
wards a reduction in concentration from 
survey | to survey 4 at each plant. This is 
undoubtedly real to some extent, and can 


be explained on the basis of improving 


\| ||| 

MIN AIR, 5 


All samples at refinery 1950 to 1957, by survey. In each group of vertical lines 


the first represents the survey of Feb. 1950 (283 samples), the second that of Sept. 1950 (221), 


the third Jan, 1953 (487), the fourth Aug. 1953 (282) 


, the fifth April 1954 (182), the sixth 


March 1955 (150), the seventh June 1956 (493), and the eighth Jan. 1957 (529). 
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ULATIVE 


CUM 


CONCENTRATION F 


BERY.LIUM pg/m> 
hig. 21.—All samples at power metal plant 1950 to 1957, by survey. In each group of 
vertical lines the first represents the surveys of 1950 (132 samples), the second that of May 
1952. (174), the third Dec. 1952 (299), the fourth July 1953 (227), the fifth April 1955 
(219), the sixth March 1956 (120), and the seventh June 1957 (256) 


operational methods as personnel gain ex 
perience and equipment is perfected so that 
manual handling and maintenance decrease; 
however, it must be remembered that certain 
seasonal variations also occur, and these can 
not be neglected. 

In each case survey 4 was performed 
during midsummer and the first three during 
other seasons. Airborne concentrations 
within an operating plant quite commonly 
show a marked decrease in the warm season 
when doors and windows are more likely to 
be open, which provides a great deal of 
natural ventilation plus a significant im 
provement in the operation of mechanical 
exhaust. 

Another point is brought out by com 
paring the results of survey 7 at each plant. 
Although both were conducted during the 
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summer, at the refinery (Figure 20) a sigm 


fieant increase is seen, but at the powder 
metal plant (Figure 21) concentrations re 
the 
operating record suggests an explanation. 


main reasonably low. [Examination of 


At the refinery survey 7 was made im 
mediately after resumption of full produe 
tion after a 2-year period of substantially 
reduced throughput. This sudden increase 
in production rate created many problems, 
such as a newly trained production force, 
inadequately maintained dust control equip 
ment, ¢te., which might be expected to pro 
duce more airborne materials. 

The above discussion is presented to show 
the kinds of things that must be considered 
in interpreting the data and will qualify any 
conclusions drawn from them. 

The primary value of Figures 20 to 25 


is that they indicate the magnitude and 
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DAILY WEIGHTED EXPOSURE TO aie 
hig. 22.—Weighted exposures at refinery 1950 to 1957, 


lines the first represents the survey of Feb 
1950 (173), the third Jan, 1953 (208), the 


the sixth March 1955 (61), the seventh June 


spread of the data accumulated in the course 


of operating major industrial beryllium 


Figures 20 to 23 show both the 
number of samples and the average ex 


facilities. 


posure of all plant employees as evaluated 
during the period 1950 through 1957 at 
Attention 
the following points: 

(1) The 
concentrations 


two major plants. is drawn to 


number of samples showing 


>25pyg/m* includes an ap- 
preciable proportion (averaging about 5 ) 
of the total samples taken in each survey. 
In one refinery 


survey 13 of all samples 


showed > 25pg/m*, and in one fabrication 
plant survey, 17% 
(2) With 100n¢/m* as a 


considerable number of samples (about 2% ) 


criterion, a 


still showed concentrations above this value, 
with about 50 
finery and 60% 


maximum of in the re 
in the fabrication plant. Even 
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1950 (169 employees), 
fourth Aug 
1956 (165), 
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IN 

In each group of vertical 
the second that of Sept 
the fifth April 1954 (68), 
and the eighth Jan. 1957 (198) 


by survey 


1953 (150), 


if the criterion is raised to 250ng/m* 


a 


significant number of samples from both 
plants show 
It should be noted that in each survey be 
tween 100 and 500 samples were taken. 


concentrations exceeding 


Two pg/m* being the maximum permis 


sible concentration, Figures 22 and 23 in- 
dicate that 10 to 15% of the personnel 


at both plants had average daily exposures 
greater than this in most surveys. 
(4) 


most 


Significant numbers of persons in 


surveys, with relatively few excep- 
tions (periods of low industrial activity), 
had exposures >5ye/m*; and average con- 
centrations of 10pg/m* existed in each plant 
for relatively large numbers of operations. 
The numbers of employees involved in these 
surveys were between 12 and 234. 

To make the above data meaningful, oc- 


cupational exposures must be related to oc- 
1959 
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% 


CUMULATIVE 


5 


SURE 


Fig. 23. 


Weighted exposures at powder metal plant 1950 to 1957, by survey 


| 


6 a 9 
TO BERYLLIUM IN AIR, g/m? 


In each group 


of vertical lines the first represents the surveys of 1950 (12 employees), the second that of 
May 1952 (105), the third Dee. 1952 (12!), the fourth July 1953 (126), the fifth April 1955 
(125), the sixth March 1956 (123), and the seventh June 1957 (234). 


little value to 


state that no cases of chronic beryllium 


cupational illness. It is of 
poisoning have arisen from operations at 
either of these plants, since the time interval 
is still too short for this to be very signifi- 
cant; but the fact remains that no such cases 
have as yet been diagnosed. It should not 
that, the maximum 
permissible concentrations were established, 
anticipated — that 


permiusstble 


be overlooked when 


it was not an in-plant 


maximum concentration — of 
2ng/m* could guarantee complete absence 
of chronic illness. It was believed that in 
a small portion of the population cases might 
develop at this level, and partly for this 
reason the permissible concentration outside 
the plant was set much lower. But because 
of the relatively small numbers of people 
involved and the relatively low incidence of 
chronic illness, is was believed that the above 
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in-plant limit would provide an acceptable 
risk, 

In contrast to the chronic disease, the 
acute illness may develop within 72 hr., and 
the over-exposure is immediately verified. 
lor this reason, more detailed air sample 
data are given for the period when occupa- 
tional illness occurred, namely the 18-month 
period from January 1950 to July 1951. 
These data are from the refinery only, be 
cause no Cases 


were the 


fabrication plant during the entire period of 


diagnosed at 


observation. Figure 24 is similar to Figures 
20 and 21 


than 


showing cumulative per cent 


greater stated concentration versus 


beryllium concentration in air, and Figure 
25 is similar to Figures 22 and 23, showing 


cumulative per cent greater stated 


concentration versus daily average ex 


posure; these figures differ from the earlier 
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CONCENTRATION OF BERYLLIUM IN AIR, 


Fig. 24.—Quarter-yearly dust samples in refinery 1950 through June 1951, by survey. In each 
group of vertical lines the first represents Jan.-Mar., the second April-June, the third July-Sept., 
and the fourth Oct.-Dec., 1950; the fifth Jan.-Mar., and the sixth April-June, 1951. 


ones in that they cover only an 18-month 
period and include quarterly rather than 
annual surveys. l‘igure 26, which is to be 
studied in conjunction with Figures 24 and 
25, shows the total number of cases of oc- 
cupational respiratory illness resulting in 
time lost from work diagnosed from 1950 
to the present; note that all occurred within 
the 18-month period specified above. The 
cases are grouped in the quarters during 
which they were considered to have been 
contracted. The total number of cases was 
26, and they ranged in severity from a 
simple case of tracheitis to one case of 
chemical pneumonitis, this last being the 
only one serious enough to require hospi- 
talization. 

The following conclusions might be drawn 
from a consideration of the data in Figures 
24 to 26: 
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(1) During this period the number of 
samples showing >25yg/m* was, if any- 
thing, lower than the 7-year average, and 
the same is true for any higher concentra- 
tion level chosen. 

(2) The number of samples showing 
high levels increased greatly during the first 
year and declined thereafter. [Excluding 
the first two surveys, taken when a rela- 
tively small proportion of the plant was in 
operation, these results can be considered 
seasonal, although they probably do reflect 
some improvement in plant operation. The 
curve in Figure 26 has a shape which is 
similar but displaced by one quarter. This 
displacement is very difficult to explain and 
seems to indicate that there is little if any 
connection between the cases of illness and 
the air concentration data collected. The 


best evaluation of these two sets of informa- 
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Fig. 25.—Weighted exposure at refinery 1950 through June 1951, 
of vertical lines the first represents Feb.-May, the second June-July, the third Aug.-Sept., the 
fourth Oct.-Nov., 1950; the fifth Dec. 1950 to Jan. 1951; the sixth Feb.-Mar., and the seventh 
April-May 1951. 
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tion seems to be as follows: (a) The air 
sample data do not in fact reflect the condi- 
tions which created the illness. (b) The ill- 
nesses occurred in almost direct relation to 
the initial increase in plant activity as new 
processes were brought on stream. (c) The 
curve of illnesses directly reflects the period 
of difficulties requiring machine teardown 
and by-passing of mechanical handling 
frequently inherent in novel operations. (d) 
Some of the above factors are also reflected 
in the air sampling data, although the build- 
up and training of personnel proceeded more 


rapidly than the sample data appeared to 
indicate. (e€) There is probably no way to 
sample adequately the actual exposure of 
new personnel involved in breaking in new, 
untried equipment. 

It is interesting to compare the data in 
‘igure 24 for the period during which the 
large number of illnesses occurred, where 
1.5% of all dust samples show > 100ng/m*. 
with data in Figure 20 (survey 7), where 
5% of all samples show >100n¢/m*. Ten 


cases of illness occurred in the immediately 
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Fig. 27—Monthly average offsite beryllium concentration at three sampling stations, two- 
year record, uncorrected for frequency of wind direction. 
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preceding quarter in 1950, and no cases 
occurred in 1956. 

It must be emphasized that all interpreta- 
tion of these 
speculative, and the authors do not presume 


data must be considered 
to assign real significance to any of the 
above conjectures. data in 
this report, which represent actual measure- 
ments, do appear to support the possibility 


that beryllium illness is caused by short- 


However the 


term massive doses which cannot be ade- 
quately measured by usual dust sampling 
procedures. The authors believe the data to 
indicate that, by striving to keep exposures 
within the specified limits, it is possible to 
maintain and operate any type of beryllium 
processing facility with the absence of acute 
illness, and that time will show whether or 
not this is also true of the chronic disease. 
l'urthermore, absolute adherence to the 
target values does not appear to be essential. 

Offsite Concentrations —The offsite be 
ryllium concentrations have been continually 
measured at a refinery over a period of 
data were 
presented in an earlier section of this re 
port. On Figure 27 are plotted sample data 
collected over a two-year period. The data 


several years. Some of these 


are presented as collected, i. e., not corrected 


for wind frequency. Two. stations were 
operated for about half this period, three 
during the other half. The data are typical 
of values obtained throughout the duration 
of plant operation. 

New Plant Operation. 


a new production facility is particularly 


The start-up of 


difficult with respect to the maintenance of 
health There is necessarily a 
prolonged period of break-in during which 
process equipment is tested and adjusted and 


standards. 


modifications are effected. Planned operating 


procedures are frequently suspended or 
abandoned, and confusion is inereased by 
main 


tenance crews working side by side with 


the presence of construction and 
production personnel. 

During this trying period hazardous con 
ditions are very likely to occur, even if only 
for relatively short intervals, and the con 
tinuous attention of an industrial hygienist 
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is required to remedy serious exposures as 
they occur, 

During the start-up of a plant operated 
under AEC contract, in anticipation of these 
difficulties a plan was adopted to keep 
hazardous conditions to a minimum, the 
basic feature being step-wise inauguration 
of the process with each step tested in terms 
of both operation and air hygiene before 
going on to the next so that trouble spots 
could be confined to small areas and num- 
bers of people. Although this plan provided 
an opportunity to rectify many trouble 
spots, the respiratory 


cases previously 


discussed did occur. Dermatitis also oc- 
curred, but with complete recovery. Since 
that time, a seven year period, there have 
been respiratory cases. Cases of 
dermatitis, however, have continued at a 
fairly uniform, low rate, primarily among 
maintenance personnel as a result of direct 
contact with beryllium materials. The cases 
invariably clear up after cessation of ex- 
posure, 

Urinary Beryllium.—Urinary beryllium 
samples were collected routinely at) one 
production plant over a period of several 
years, and in a substantial number of cases 
daily weighted exposure values were ob 
tained at the data 


covering a much shorter period were taken 


same time. Similar 
at another production facility. There were 
about 60 employees in the two groups. The 
urinalysis values with the corresponding 
daily weighted exposures are plotted in 
Figure 28. 

The following will clarify the origin of 
the data and the manner of presentation : 

(1) All urine samples were 24-hr. speci 
mens. 

(2) The dust exposures are applicable to 
the time when the urine specimens were 
collected. The reported exposures are not 
adjusted for the potential protection af 
forded by 


dust Thus, the 


reported exposures may tend toward over- 


respirators. 


estimation, and this effect would be more 
pronounced at the greater exposure values 

(3) Many individuals were sampled more 
than intervals. The 


once, but at long 
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Fig. 28.—Beryllium concentration in 24-hr. urine sample vs daily average dust exposure for 
60 workers. 
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Fig. 29—Comparison of range of dust exposures with range of urinary beryllium concen- 
trations for individual employees 
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urinalyses so obtained are treated as separate 
values if the individual’s dust exposures 
differed for the successive times of sample 
collection. 

(4) Most of the plotted values are aver- 
ages of two or more urinalyses which 
correspond to a given dust concentration 
value. These are not necessarily samples 
from one individual. 

With regard to item 3, it is of interest 
that the urinary beryllium values of the same 
employee at different times showed a wide 
The ratio of the highest to the 
lowest value in any individual ranged from 


spread. 


1 to 45. The range for the corresponding 
dust exposure ratios was 1.2 to 10. This 
information is presented in detail in Fig 
ure 29, 

On the basis of the data presented in 
Figures 28 and 29, no correlation can be 
found between urinary beryllium and dust 
exposure. Analysis of the data by other 
methods, e. g., segregation according to type 
of air contaminant, duration of exposure, 
etc., also failed to indicate any correlation. 
lor the present, urinary beryllium cannot 
be used as a quantitative indication of 
degree of exposure. 


70 Columbus Ave. (23). 
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Appendix: Air Sample Analysis* 


Beryllium concentration should be deter 
mined to an accuracy of at least a tenth of 
the target concentrations, which are 2png/m* 
for in-plant and O.Olpg/m* for neighbor 
hood exposure. Total sample volumes gen 
erally run from 0.3 to 30 m* for in-plant 
samples and from 100 to 5,000 m* for out 


*Note that the latter part ot the Bibliography 


bervllium analysis 


is devoted to 


references on 
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of-plant; therefore beryllium contents as 


low as 0.1 to 5 yg. are of interest, which 
require very sensitive analytical techniques. 
An additional complication is that varying 
types and amounts of impurities may be 
collected with the beryllium, depending on 
the atmosphere sampled, which necessitate 
chemical separations to obtain the beryllium 
in relatively pure solution. In view of the 


extremely small quantities of beryllium 
looked for in air samples, the danger of 
cross contamination during the analytical 
procedures must be avoided. It 1s advisable 
to keep air sample analysis apart from other 
laboratory operations, preferably in a sepa- 
rate room with limited access. 

Two analytical methods have been used 
at HASL, spectrographic and fluorimetic. 
The fluorimetric method is the later develop- 
ment and is now used exclusively because of 
its greater sensitivity and reliability and 
simpler procedure. The chemical procedure 
outlined below is done as a preliminary to 
either spectrographic or fluorimetric anal- 
ysis. 

Three types of filter papers are used for 
sample collection: Whatman #41, MSA All 
Dust Filter No, 2133, and MSA Type S 
unimpregnated filter. All are approximately 
10 em. in diameter. The chemical proce- 
dures for analysis are similar for the three 
papers except that smaller quantities of 
reagents are used for the first two in the 
wet-ashing and extraction steps. The Type 
S paper requires greater quantities because 
its high ash content (>100¢, 125 mg/filter ) 
adds to the impurities of the sample. Blank 
runs on these papers show up to 0.3 yg. 
beryllium per filter. 

Chemical Procedure.—Yhe procedure be 
low applies to analysis of dust on the Type 
S filter, but the 
papers differs only in the respect previously 


treatment of the other 
mentioned, 

All chemicals used are reagent grade. The 
following solutions are needed. 

Standard 
scopically pure beryllium sulfate (0.982 g.) 


Beryllium Solution: Spectro- 
is dissolved in 100 ml. 200 hydrochloric 
acid and diluted to 1 liter with water. The 
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nominal beryllium content is 50ug/ml. 
l‘urther dilutions are made with water just 
before use. 

Standard Aluminum Solution: A solution 
containing approximately 2.5 mg. aluminum 
per ml. is prepared by dissolving aluminum 
nitrate nonahydrate in water. This solution 
is prepared in large amounts and standarized 
gravimetically, 

Oxine Solution: Twelve g oxine (8- 
8-hydroxyquinoline ) 
solved in glacial acetic acid and made up to 


quinolinol, are dis- 
100 ml. The solution should be prepared 
fresh weekly and kept out of the light when 
not in use. 

The paper is stirred to a pulp in a 400-ml. 
beaker with 100 ml. nitric acid, 5° ml. 
sulfuric acid are. added, and the beaker is 
covered and taken to sulfur trioxide fumes 
on a hot plate. It is cooled slightly, 25 ml. 
nitric and 0.5 ml. 60% perchloric acid are 
added, and the sample is refumed. 

The addition of nitric acid is repeated 


until all organic matter is destroyed. The 


solution is transferred to a 50-ml. platinum 
dish, 2 ml. hydrofluoric acid are added, and 
the solution is evaporated to dryness on a 
sand bath. 

After addition of 4 ml. hydrochloric acid, 
the sample is transferred to a 50-ml. cen- 
trifuge tube and the volume is adjusted to 
20 ml. It is neutralized with am- 
monium hydroxide to the first precipitate of 
iron or alumininum hydroxide, and 2 ml. 


about 


glacial acetic acid and then hydrochloric acid 
are added dropwise until the precipitate dis- 
solves. Then 5 ml, 12% oxine in glacial 
acetic acid and some paper pulp are added. 
The pH is adjusted to 6 with ammonium 
hydroxide, with test paper indicator, and the 
sample is centrifuged at about 300 rpm for 
5 min. The liquid is decanted through a 
loose-textured paper into a 125-ml. separa- 
tory funnel, the precipitate is washed with 
water, and the washings are added to the 
original filtrate. 

The filtrate and washings are extracted 
with 10 ml. chloroform to remove excess 
oxine until the organic layer is colorless. 
The aqueous phase is transferred to a clean 
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50-ml. centrifuge tube, and the pH is ad- 
justed to 7. A visible precipitate at this 
point indicates incomplete removal of iron 
and aluminum, and the oxine separation 
must be repeated. If the solution is clear, 
1.0 ml. aluminum solution (2.5 mg. alumi- 
num per ml.) is added, the sample is cen- 
trifuged, and the supernatant 
discarded. 

Spectrographic Procedure. 
ing equipment is used: 
Spectrograph : 
Source unit: 


liquid is 


The follow 


Saird 3-m slit 


Baird with Sola constant voltage 


grating, 


transformer. 
Lower electrode: National Carbon Company 0.25 
in. (0.6-cm.) nominal diameter 
graphite, regular grade, 6.3> 
50 mm., with 4.5-mm. cup, 5 
mm. deep. 
Upper electrode: Same type, sharpened to a 45 
point. 


I-xcitation : Direct current air, 10 amp, 2 
min. 
Densitometer : Baird nonrecording. 
The final precipitate from the chemical 
procedure is dissolved and made up to 1 


ml. with 1:7 


The cupped electrodes are waterproofed 


with a solution of Duco cement in acetone 
and filled with 
1 mm. of the top by tamping in a dish of 


sodium chloride to within 


the salt. The weight of sodium chloride has 
been found to be 45+5 mg. in all cases 
measured. Three electrodes for each sample 
are treated with 0.05 ml. of the above solu 
tion and dried in an oven at 110 C. 

The lower electrode is made the anode in 
the are. The electrode spacing of 4.5 mm. 
and the length of anode extending from the 
water-cooled electrode holders are set man- 
ually by using an auxiliary lens and screen. 
The are image is focused on the grating 
with a quartz lens of long focal length. 

The 
Type 33 plates, and standard development 
and are used. The 
2348.6, Be 2650.8, and 
Al 2367.1 are read, and the ratio of the 
suitable beryllium line to the aluminum line 


spectrum is recorded on Eastman 


fixing procedures 
densities of Be 


is used as the analytical function. No plate 
calibration procedure is used; the ratio 
Be 2348/Al 2367 gives a straight line from 
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0.005 to above beryllium on_ the 
electrode, as does the ratio Be 2650/A1 2367 
from 0.1 to 10ug. beryllium. Standards are 
run periodically, and the analytical curve is 
modified if excessive shifts appear. 

The sample burns smoothly during the 
excitation period, giving a negligible back- 
ground on the plate. Although reburning 
the electrodes shows that some beryllium is 
left, complete burning does not increase 
sensitivity or accuracy because an increased 
continuous background is produced. 

The 
procedure is 
dissolved and made up to 5 ml. with 1 N 


Fluorimetric Procedure final pre- 


cipitate from the chemical 
sodium hydroxide. Triplicate 1-ml. aliquots 
ml. 0.000167 


and the 


are treated with 1 morin and 


diluted to 5 ml., fluorescence 1s 


measured. 

The fluorimeter was designed and built 
by the Health 
and Safety Laboratory. It has a sensitivity 


Instrument Branch of the 
of O.005ng. and is linear over a range of 
100. 

A General Eleetric 100-watt lamp 
is the source of ultraviolet, and a multipher 
phototube, amplifier, and microammeter are 
used in the measuring circuit. solu 
tion cells of 5-ml. capacity are held in a 
slide, the ultraviolet: entering at the side 
and the fluorescence being measured at the 
top. This allows blank and triplicate sam 
ples to be measured in rapid succession. 

A 0.01 quinine sulfate solution is used 
to set the high end of the scale by varying 
the phototube voltage until the quinine solu 
20,000 The total 
scale range is 100,000 units with four dec 


tion reads scale units. 


ade scales. The blank reading is about 40 
units, and O.Olpg. beryllium gives an aver 
age reading of about 20 units above the 
blank. 

Morin of better than 99 purity is avail- 
Light & Co. Ltd., Colnbrook, 
Bucks, Kngland, at reasonable prices. A 
this 
used as the basis for further dilutions with 


able from L.. 


1% solution of morin in acetone ts 


This solution is stable for 
This 


distilled water. 
months if kept in the dark. reagent, 
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in use at HASIL. for the past three years, 


gives a reagent blank of 20 deflection units 
at O.0001% 
bration curve is linear over a range of 200. 
Addition of O.005pg. 
deflection units above the blank. 


concentration. A typical cali- 


beryllium gives 10 
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News and Comment 
ANNOUNCEMENTS 


Gordon Research Conferences on Toxicology and Safety Evaluations.— The Gordon 
Research Conferences for 1959 will be held from June 15 to Sept. 4 at Colby Junior College, 
New London, N. H.; New Hampton School, New Hampton, N. H., and Kimball Union 
Academy, Meriden, N. H. 

Purpose —The conferences were established to stimulate research in universities, research 
foundations, and industrial laboratories. This purpose is achieved by an informal type of 
meeting consisting of scheduled lectures and discussion groups. Sufficient time is available to 
stimulate informal discussions among the members of a conference. Meetings are held in 
the morning and in the evening, Monday through Friday, with the exception of Friday evening 
The afternoons are available for recreation, reading, or participation in discussion groups, as 
the participant desires. This type of meeting is a valuable means of disseminating information 
and ideas to an extent that could not be achieved through the usual channels of publication 
and presentation at scientific meetings. In addition, scientists in related fields become ac 
quainted, and valuable associations are formed that often result in collaboration and coopera 
tive efforts between different laboratories 

It is hoped that each conference will extend the frontiers of science by fostering a free 
and informal exchange of ideas among persons actively interested in the subjects under dis 
cussion. The purpose of the program is not to review the known fields of chemistry and 
physics but primarily to bring experts up to date on the latest developments, to analyze the 
significance of these developments, and to provoke suggestions concerning the underlying 
theories and profitable methods of approach for making new progress 

In order to protect individual rights and to promote discussion, it is an established require 
ment of each conference that no part of the information presented is to be used without 
specific authorization of the person making the contribution, whether in formal presentation 
or in discussion. Scientific publications are not prepared as emanating from the conferences 

Registration and Reservations. —Attendance at the Conferences is by application. Persons 
interested in attending the conferences are requested to send their applications to the Director 
at least two months prior to the date of the conference. All applications must be submitted on 
the standard application form which may be obtained by writing to the office of the Director 
This procedure is important because certain specific information is required in order that a 
fair and equitable decision on the application may be made. Attendance at each conference 
is limited to approximately 100 persons 

The director will submit the names of those requesting authorization to attend to the con 
ference committee for each conference. This committee will review the names and select the 
members in an effort to distribute the attendance as widely as possible among the various 
institutions and laboratories represented. A registration card will be mailed to those selected 
as soon as possible. Advance registration by mail for each conference is required, and regis 
tration is completed on receipt of the card and a deposit of $15. (Checks are to be made 
payable to the Gordon Research Conferences.) The deposit of $15 will be credited against 
the fixed fee for the conference if the person attends the conference for which he has applied 
A registration card not accompanied by the $15 deposit will not be accepted 

The Board of Trustees of the conferences has established a fixed fee of $100 for attendance 
at each conference. This fee was established to encourage attendance for the entire con 
ference and to increase the special fund that is available to each conference chairman for the 
purpose of assisting conferees who attend a conference at total or partial personal expense with 
their travel or subsistence expenses or with both. This fixed fee will be charged regardless 
of the time a conferee attends the conference—that is, for periods of from one to four and 
one-half days. It is divided as follows: registration fee $40 ($15 for administration and $25 
for the special fund) and room and meals $60 (including gratuities), for five days. An addi 
tional charge of $1 per night per person will be made for a room with private bath or for a 
single room of which there are a limited number available. These rooms will be assigned 
in the order that applications are received. 
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Members attending a conference are expected to live at the conference location, because 
one of the objectives of the conferences is to provide a place where scientists can get to- 
gether informally for discussion. It is to the advantage of all participants to attend a con- 
ference for the entire week. If special circumstances warrant living elsewhere a registration 
fee of $50 is charged. 

The fixed fee will cover registration, room (except room with private bath or single 
room), meals, and gratuities. It will not provide for golf, telephone, taxi, laundry, confer 
ence photograph, or any other personal expenses. 


Conferees living at the conference location who will pay all or part of the fixed fee as a 
personal expense may request a reduction of $25 (special fund) in the fixed fee. Application 
for this special fee ($75) must be made when the registration card is returned to the Director. 

Accommodations are available for a limited number of women to attend each conference 
and also for wives who wish to accompany their husbands. All such requests should be 
made at the time the attendance application is submitted because these accommodations, lim- 
ited in number, will be assigned in the order that specific requests are received. Children 


under 12 years of age cannot be accommodated. Dogs or other animals will not be permitted 
in the dormitories. 


Special Fund.—A special fund is provided for by the Board of Trustees from the regis- 


tration fee and is made available to the chairman of each conference for the purpose of assist- 
ing scientists who could not otherwise attend or participate because of financial limitations. 
This fund is provided with the object of increasing the participation of research workers. Its 
use is not limited to scientists who have been invited by the chairman to attend a conference 


in order to present a paper. The money is to be used as an assistance fund only and may be 
used to contribute toward traveling expenses or subsistence expenses at the conference or both 


Total travel and subsistence expenses will not usually be provided. 


Cancellations. —The cancellation of an approved application for attendance at a conference 
will cause forfeiture of the $15 deposit 

Attendance.—Requests for attendance at the conferences or for additional information 
should be addressed to W. George Parks, Director, Department of Chemistry, University of 
Rhode Island, Kingston, R. I, From June 15 to Sept. 4, 1959, mail should be addressed to 
Colby Junior College, New London, N. H. 

The Gordon Research Conference on Toxicology and Safety Evaluations will be held 
Aug. 10-14, 1959, at Kimball Union Academy, Meriden, N. H. The Chairman will be Don D 
Irish, the Vice Chairman David W. Fassett. The program of the Conference is as follows : 

Aug. 10-——-David W. Fassett, Chairman. 


Irvin Blank: Basic Mechanisms of Percutaneous Absorption. 
Albert) A. Kondritzer: Physical-Chemical Factors in the Development of Barrier Materials. 


Leonard J. Vinson: Discussion. 


John Av Zapp Chairman. 


G. W. H. Schepers: Pulmonary Tissue Changes Induced by Inhaled Industrial Dust. 


Aug. 11—Kingsley Kay, Chairman, 


Henry F. Smyth: Deriving Tentative Threshold Limits from Experimental Data. 
Charles RK. Williams, Chairman. 


Charles Kensler: Quantitative Aspects of Chemical Carcinogenesis, 

Miriam P. Finkel: Quantitative Aspects of Radioisotope Carcinogenesis, 
Aug. 12—Eugene H. Krackow, Chairman. 

Eugene H. Krackow: Extension of Laboratory Toxicological Data to the Field of Industrial 
Medicine, 

C. Boyd Shaffer: Prospectively. 

W. Clark Cooper: Retrospectively, 

Norton Nelson, Chairman 

George M. Knauf: Biological Effects of Microwave Energy. 

Film: Medical Aspects of Missile Operations. 
Aug. 13—Horace Gerarde, Chairman. 

Joseph H. Gast: The Biological Effects of Chemical Agents on in Vitro Systems. 


Bernard L. Oser, Chairman 
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H. Van Genderen: Interpretation of Toxicological Data in Animals for the Determination of 
Acceptable Levels for Intake in Man 
Aug. 14—Geoffrey Woodard, Chairman. 

Frederick S. Phillips and Stephen S. Sternberg: Experimental and Clinical Toxicity of Cancer 
Chemotherapeutic Agents. 


William Layton: Some Problems in Evaluation of the Safety of Drugs 


1960 Meeting of the American Academy of Occupational Medicine.—Jhe dates for 
the next annual meeting of the American Academy of Occupational Medicine have been set 
Feb. 10-12, 1960. The place has not yet been selected, but it will definitely be “south of 
New York” and not in a large urban center 

Preliminary planning envisions a program made up largely of contributions by the mem 
bership of the Academy. It is hoped particularly that a substantial number of Fellowship 
papers will be submitted and presented, although the program will probably not be made up 
exclusively of these. Prospective participants should start work on their papers without delay 
Completion of a manuscript and processing through the necessary steps are not accomplished 
in a few days or a few weeks. Fellowship papers are generally published in the A. M.A 
ARCHIVES OF INDUSTRIAL HEALTH 

The Academy needs more “chiefs” and fewer “Indians.” This becomes all too clear when 
it comes to finding candidates for important committee assignments. There are several 
dozen members who have met the basic requirements for Fellowship of five years in a respon 
sible position and certification by the American Board of Preventive Medicine. This group 
particularly is urged to start preparing a Fellowship thesis or paper. The officers of the 
Academy and members of the Publications Committee stand ready to render all possible help 

The educational program of the Academy now offers home study material in Biostatistics 
and Toxicology as well as the annual Institutes for physicians in industry. At least two schools 


have been offering intensive courses for industrial physicians. These special educational 


opportunities facilitate preparation for taking the examinations of the American Board of 
Preventive Medicine, a step toward Academy Fellowship 

} A number of Members and Fellows of the American Academy of Occupational Medicine 
will certainly be preparing papers for presentation at the International Congress on Occupa 
tional Health to be held in New York in July, 1960. There is no reason why some of thie 
material to be used at the Congress could not also serve as the basis for a paper at the 


Academy meeting in) February, 1960. Potential contributors are urged to communicate at 
once with the Chairman of the Program Committee via the secretary of the Academy, Capt 
Lloyd Shone (MC) U.S. N., Bureau of Medicine and Surgery, Navy Department, Washing 
ton 25, D. C. Copies of all correspondence should also be sent to Dr. Ronald Buchan, 
Chairman of the Publications Committee, Prudential Insurance Company, 142 Berkeley St, 
Boston. 


Thirteenth International Congress on Occupational Health.—Physicians, nurses, in 
dustrial hygienists, and representatives from more than 40 countries will attend the 13th 
International Congress on Occupational Health, to be held July 25-29, 1960, at the Hotel 


Waldor!-Astoria, New York, Prevention is she maior heme of this Congress 


New and oll problems will be discussed. Valuable knowledge will be shared in the tollowing 
aspects of occupational health: administrative methods, medical and surgical practices, educa 
tion and training, social and legal aspects, work physiology and psychology, environmental factors 
in health, environmental hygiene, and hazards of specific industries 

Plan now to attend, Occupational health knows no geographic boundaries. For information 
write to Dr. Robert FE. Eckardt, Secretary-General, P.O. Box 51, Linden, N. | 

Persons who wish to present papers at this Congress on any of the subjects listed above 


should obtain detailed information by writing promptly to Dr. Irving R. Tabershaw, Chairman 
of the Scientific Program Committee, International Congress on Occupational Health, 375 


Park Ave., New York 


GENERAL 

American Academy of Occupational Medicine.—11) a fine editorial, the Journal of Ov 
cupational ine, kebruary, 1959, ribes the early history of the American Academy of 
Occupational Medicine and emphasizes particularly the contributions being made by the 
Academy in the educational field 


There seems to exist a certain amount of confusion or misinformation about the require 
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ments for membership, in the Academy. The by-laws provide that full-time practice of some 
phase of occupational medicine for a minimum of two years is a basic requirement. As in 
any professional society, acceptable medical training is presupposed, 

Fellowship requirements in the Academy are considerably more exacting than those for 
simple membership. The minimum time requirement is five years of full-time experience 
in a responsible position. Certification by the American Board of Preventive Medicine is 
also required. Persons certified by other specialty boards may be considered. 


The present 
policy of the American Academy of Occupational Medicine does not permit direct election 
to Fellawship except in the most unusual circumstances. An applicant must first be accepted 


as a Member, but if he has fulfilled the basic requirements he may at once become a Fellow 
upon preparation of an acceptable thesis or paper. 
Certification by the American Board of Preventive 
person eligible for Fellowship in the Academy. 
Board has certified a number of 


Medicine does not in itself make a 
One important reason for this is that the 
physicians who do not devote full-time to occupational 
medicine as defined by the Academy. The Academy would lose much of its justification for 
existing if it did not adhere to its rigid requirements. 

Sociologists today frequently speak of “status symbols.” Membership, and particularly 
Fellowship, in the American Academy of Occupational Medicine certainly can be so classi- 
fied, but these titles are no mere symbols. They are concrete evidence of belief in and support 
of an organization dedicated to raising the standards of practice in occupational medicine 
and to securing for the qualified physician the status and recognition he deserves. 

The Academy will welcome inquiries about membership. These 
the Secretary, Capt. Lloyd Shone (MC) U.S. N., 
Department, Washington 25, D. C. 


should be addressed to 
Sureau of Medicine and Surgery, Navy 
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Industrial Hygiene and Toxicology: Vol. I. General Principles. Second Revised Edition. 
Frank A. Patty, Editor. Price, $17.50. Pp. 830. 
5th Ave., New York 1, 1958. 


Interscience Publishers, Ine., 250 


The first edition of this work (in two volumes) appeared in 1948 and 1949 and quickly 
earned a prominent place as references and texts 

As in the first edition, this is a multiauthored work, with Patty bearing the lion’s share 
both in personal contributions and in the onerous job of coordinating the chapters by his 
colleagues. 

Fight of 


the eighteen authors contributed to the first edition, while ten are new. The 
chapters on noise, human engineering, industrial sanitation, and air pollution are new, while the 
old chapters dealing with heat and environmental control and comfort have been redone and 
expanded into four chapters. There is a new chapter on illumination 

Like the first edition, this promises to be a useful work, but the size and cost are against 
it. We have not had the book long enough yet to let us really evaluate it. Judging from the 
constant use the first edition had by students and faculty alike, we expect this new edition to 
be even more in demand. It is extremely well indexed; the type, format, and paper are good, 
and the illustrations (charts, photographs, and even chest x-rays) are splendid 


DRINKER 


Handbook of Organic Industrial Solvents. Pp. 71. National Association of Mutual Casualty 

Companies, 20 N. Wacker Dr., Chicago 6, 1958 

The men credited with assisting the National Association in preparing this booklet are 
all prominent in industrial hygiene. Somebody, hidden in dignified anonymity, did a nice job 
arranging the collective effort. The result is a simple, usable pamphlet in which one can find 
promptly essential information on any common solvent (225 of them) from acetal through 
p-xylene. A glossary, a short list of references, and five pages of synonyms vs. chemical names 
comes at the end. 


PrHitie Drinker 


Cold Injury, Ground Type. By Col. T. F. Whayne (MC) U.S. Army (Ret.) and M. E 
De Bakey, M.D. Price, $6.25. Pp. 570, with 105 illustrations. U.S 


Government Printing 
Office, 1958. 


This book presents an extensive discussion of the experiences of the United States Army 
with cold injuries in World War II. Trench foot is the injury mainly discussed, although 
frostbite and immersion foot are covered briefly 


The etiology, clinical course, pathology, 
and treatment of cold injury are discussed in much detail and well illustrated 


Serial photo 
graphs of selected cases are presented to show the progression of the disease and final result 


after treatment. The chapter on prevention and control of cold injury is the most important 
one in the volume. It should be read and applied by anyone who is responsible for the health 


of men who must work, live, or engage in military operations under cold conditions 


The 
chapter on cold injury in the tropics emphasized that cold injury is not limited to the temperate 
or arctic regions. 


There are many interesting historical data and comparisons of the ex- 
perience of the United States Army with that of other armies 


The detailed presentation of 
the number of steps and correspondence required before trench foot was recognized as a real 
problem by the military authorities and that this was a preventable condition is discouraging 
and probably not of interest to the average reader 


If the lesson presented by this book is 
learned, then there should be little cold injury in the future 


ences in the Korean war would have 
made in this direction. 


Some comment on the experi 
been of interest to learn whether 


progress had been 


BENJAMIN G. Ferris M.D 
Rehabilitation Medicine. I}y Howard A. Rusk. 


Company, 3207 Washington Blvd., St. Louis 3, 


Price, $12. Pp. 572. The C. V. Mosby 
1958. 

This fundamental textbook about a relatively new specialty which is in a period of rapid 
growth should find wide acceptance and favor 


Written by a leader in the field of rehabilita 
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tion and a group of collaborators from the Department of Physical Medicine and Rehabilitation 
of New York University, the text reviews all phases of rehabilitation in medicine and surgery 
as well as orthopedics. 

The philosophy and need of rehabilitation are clearly stated at the outset and is expressed 
by the statement, “. . . the doctor’s responsibility does not end when the acute illness is ended 
or surgery completed; it ends only when the individual is retrained to live with what is left.” 

The first portion of the book is devoted to a discussion of evaluation procedures used to 
determine the extent of disability, followed by chapters on the principles of physical medi- 
cine, therapeutic exercises and muscle reeducation, occupational therapy, activities of daily 
living, nursing techniques, splinting and bracing, and training the disabled homemaker. The 
management of speech problems as well as social and vocational problems are briefly covered. 

A chapter on principles of psychiatric problems is particularly well written. It under- 
lines a basic premise of the text that in rehabilitation as in other specialties, the treatment of 
the whole person is paramount. 


The second half of the book is concerned with the applications of the principles of 
rehabilitation to specific disease entities, such as cancer, neurologic and orthopedic disorders, 
pulmonary and cardiovascular diseases, as well as the special problems of children and the 
elderly. Emphasis is placed on the necessity of the group approach, with the particular con- 
tribution of each member of the team being outlined. 

This text will find a place in the basic library of any physician who has an interest in 
industrial medicine, as well as that of the family physician and specialist who daily treat 
the victims of chronic disease. 

Gerorce E. Spencer, M.D. 


Protection and Functioning of the Hands in Cold Climates. Edited by Frank R. Fisher. 
Price, not given. Pp. 179, with 88 illustrations. National Research Council, Available 
from the Headquarters Quartermaster Research and Development Command, Natick, Mass 
This booklet presents thirteen papers read at a conference at the Headquarters U. S. Army 
Quartermaster Research and Development Command, Natick, Mass., on April 23-24, 1956. 
The thermal physiology of the hand; function, sensation, and dexterity of the cold hand; 
operational requirements, and various approaches to the cold problem are considered. <A fter 


a report on joint function at cold temperature, a number of equations for heat transfer of 
the hand are formulated and hand and general body cooling is considered. Hand _ strength, 


dexterity, and sensation are impaired on exposure to cold, depending on air movement, air 
temperature, and the duration of exposure. The problem is to provide adequate protection 
for the hand and yet maintain reasonable ability to perform the required task. This can be 
approached either by improving the protective methods or by simplifying the task itself. Cold 
habituation and training of the subject improve performance to a limited extent. Plastic 


skin coatings, hand warmers, heat cartridges, and recent advances in glove design are described. 

In addition to being an excellent review of the subject, this report contains much new 
information for those concerned with hand function and protection in a cold environment. 
THOMAS ©. Nevison Jr., M.D. 


Rehabilitation In Industry. Edited by Donald A. Covalt, M.D. Price, $6. Pp. 154. Grune 

& Stratton, Inc., 381 4th Ave., New York 16, 1958. 

This is a new text of the “Modern Monographs in Industrial Medicine” Series, for which 
Anthony J. Lanza, M.D., is Editor-in-Chief and Richard H. Orr, M.D., is Consulting Editor 
It is based upon work of the Department of Physical Medicine and Rehabilitation, New York 
University College of Medicine, Bellevue Medical Center, 


This monograph contains eleven chapters by different authors, as follows: I. “Early 
Referral,” by A. Bernice Clark; Il. “Peripheral Vascular Disease,” by Walter Redisch; III. 
“Soft Tissue Injuries,” by Samuel S. Sverdlik; [V. “Fracture Rehabilitation,” by Hans Kraus 
and Jessie W. Mahoney; V. “Amputations,” by Allen S. Russek; VI. “Peripheral Nerve 


Lesions,” by Joseph G. Goodgold; VIL. “Management of Patients with Spinal Cord Injuries,” 
by Donald A. Covalt; VEIT. “Head Injuries,” by Morton M. Marks; IX. “Back Injuries,” by 
A. Bernice Clark; X. “Rehabilitation of Industrial Hand Injuries,” by William T. Medl and 
Bruce B. Grynbaum; XI. “Vocational Placement of Disabled Workers,” by Martin E. MeCavitt, 
and “Foreward,” by Howard A. Rusk, M.D. 

The greatest problem in present-day rehabilitation of the worker is to achieve early 
referrals from the individual physician and an acceptance of a community teamwork approach. 
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Nationally, there is an average time lag of seven years between onset of disability and referral 
for rehabilitation, although there are over one hundred centers offering a variety of rehabili 


tation services. It is stated that much of this problem results from a lack of adequate authority 


of compensation boards to supervise medical care and from the failure of the boards to 
exercise what authority they have. 


The Lane report is discussed briefly. It expresses the 
view of preserving the right of free choice of physician, but at the same time urges tightening 
of supervision of treatment by a board of impartial specialists 


In Chapter II, the anatomy and pathological and physiological aspects of peripheral vascular 


disease are concisely reviewed and management of this disease process and its prevention 
summarized. 


The chapters about soft-tissue injuries, fracture rehabilitation, and amputation 
cover the high points of surgical considerations and rehabilitation care 


The chapter about 
peripheral nerve lesions explicitly summarizes differential diagnosis by clinical and electro- 
diagnostic methods, with emphasis on the latter. The 


management of patients with spinal 
cord injuries from the immediate first aid and transportation to nursing and surgical and 
rehabilitation care is well but briefly presented. The chapter concerning head injuries reviews 
basic, generally accepted neurosurgical principles which should be well known to those with 
surgical backgrounds. 


This book would be an excellent first source for the clinical medical student. For the 


physician who is concerned with teaching good and accepted principle, this book provides in 
brief a summary outline, from which lectures and talks can be readily prepared 


For more 


extensive study and knowledge, good bibliographies complete each chapter 
Proceedings of the XII International Congress on Occupational Health, Helsinki, July 1-6, 

1957. Price, Vol. 1 (311 pages, Table of Contents), Fmks. 1,000; Vol. IE (151 pages, 


English and French editions), Fmks. 600; Vol. IIL (622 pages, Table of Contents, Indexes 
for all three volumes), Fmks. 4,000. Total 


BARTLETI 


price, Vol. Fmks. 4,500. 


Organizing 
Committee, c/ Tyoterveyslaitos, Haartmaninkatu 1, Helsinki 


Toolo, Finland, 1958 

The proceedings of the Congress are published in three paper-bound volumes. Volume 1, 
“Reports,” contains the papers of the invited speakers which are published in full in one 
of the four official languages of the Congress; English, French, German, or Spanish 


Volume II, 
“Summaries,” contains the abstracts of the scientific papers presented at the Congress, includ 
ing those in Volume |. Volume III, 


“Proceedings,” contains the scientific program; the 
full text of all scientific papers in one of the official languages, except those published in 
Volume 1; the list of scientific films and technical exhibits, the speeches given at the opening 
and closing exercises, and the report of the International Social Security 


Association. The 
list of persons attending the Congress, the general organization of the Congress, and the list 


of members and minutes of the annual meeting of the Permanent International Committee on 
Industrial Medicine are included 


Lastly, the serious business of the Congress is relieved by 
notes on the social program and a number of excellent photographs of the Congress 


The 281 scientific papers published in Volumes | and IIL are divided into two groups 
(1) papers on the subjects which were considered by the Congress Committee to be of greatest 


general interest and which were presented by the invited speakers and other members of the 
Congress, and (2) papers on other 


scientific topics, so-called ‘ 
papers of general interest are on the following topics 


‘open-session subjects.” The 


industrial noise, evaluation of imvalidity, 
industrial hygiene norms, human engineering, cardiacs and work, shift) work and_ health, 


industrial back, applied psychology and occupational health, occupational nonsilicotie pneu 


mopathies, blood diseases in relation to industrial toxicology, isotopes in toxicological research, 


radiation-hazards and prevention, diseases due to stress and strain, and industrial nursing 
topics covered in the open-session papers include toxicology 
tional diseases and 


The 
pneumoconiosis, other occupa 
pathology, occupational dermatology, occupational ophthalmology and 
otology, occupational physiology and psychology, traumatology 


general aspects 
medicine, and occupational health in different occupational groups 


of industrial 


Brief discussions follow 
some of the papers. In addition to the scientific papers, a round-table discussion on “Team Work 


in Occupational Health” with nine reports, seventeen addresses given 


at the luncheon meet 
ings, and two ISSA reports are included in Volume III 


These three volumes are clearly 
printed, and the tables, graphs, and figures are well presented 

Approximately 
lung's 


25% of all scientific papers are on toxicology and 20% on diseases of the 


In the toxicology papers, the chief emphasis is on lead and the commoner orgamie com 
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pounds. Occupational carcinogens and newer organic compounds are rarely presented. Most 
of the pneumoconioses papers are devoted to silicosis and coal miners’ pneumoconiosis. About 
5% of the papers are devoted to industrial nursing and between 3% and 4% to applied psy- 
chology, to dermatology, and to industrial hygiene norms. Human engineering, a relatively 
new topic in occupational medicine, is discussed in 4% of the papers. Each of the other 
topics occupies less than 3% of the total number. 

The proceedings of this Congress differ from those of the preceding Congresses in that 
the majority of the papers present the results of original scientific investigations rather than 
the administrative problems of industrial medicine. These volumes are of particular interest 
because they bring together in one publication the various viewpoints on the old problems 
as well as the newer trends in occupational health from the thirty-eight countries represented 
at the Congress. 


ANNA M. BAETJER 


Radiation Protection. by Carl B. Braestrup and Harold O. Wycoff. Pp. 361, with 96 illus- 
trations. Charles C Thomas, Publisher, 301-327 FE. Lawrence Ave., Springfield, IIL, 1958. 
This book is a compilation of data available in the National Bureau of Standards Hand- 
books on Radiation Protection, but with a much more complete discussion of all phases of 


radiation protection and dosimetry. The first three chapters of the book discuss in a cursory 
manner the physics of radiation interactions with matter, the sections of which are all too 
brief. The remainder of the book discusses very thoroughly the methods of radiation- 
protection design. 

Every person interested in radiation protection will find this a very practical and useful 
book. It is very clearly written, profusely illustrated, and contains a rather complete bibliog- 
raphy at the end of each chapter. The book is highly recommended. 


R. E. Yoprr 
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The following articles from TODAY'S HEALTH are 


now available in pamphlet form. 


ALCOHOLISM IS A DISEASE. A discussion by the Chairman 
of the A.M.A. Committee on Alcoholism. by Marvin A. Block, 
M.D., 8 pages, 15 cents. 

1 AM THE WIDOW OF AN ALCOHOLIC. Three articles 
combined. by Virginia Conroy, 16 pages, 20 cents. 

HOW EXPERTS MEASURE DRUNKENNESS. A partial 
transcript of an actual courtroom case. by H. A. Heise, 8 pages, 
15 cents. 

BARBITURATES, BOOZE AND OBITUARIES. A discus- 
sion of the dangers of mixing alcohol and barbiturates. by Donald 
A. Dukelow, 4 pages, 10 cents, 

TWELVE STEPS FOR ALCOHOLICS. A frank discussion of 
the meaning of an alcoholic behavior. by Richard Lake, 6 pages, 
10 cents. 


These articles are available in one pamphlet for 50c 


ALCOHOLICS ANONYMOUS. Written from the standpoint 
of a member, the basic treatment procedures are described and the 
psychological problems confronting the alcoholic are discussed. 
ALCOHOL AND CIRRHOSIS OF THE LIVER. Relationship 
between alcohol, diet and cirrhosis. Increasing stress on nutri- 
tional differences. by Russell S. Boles. 

HOW TO HELP A PROBLEM DRINKER. Understanding the 
alcoholic’s capabilities, the necessity of help, causes of his con- 
dition. by Edward A. Strecker and Francis T. Chambers, Jr. 
THE TREATMENT OF ALCOHOLISM. Tracing the steps from 
convincing the alcoholic that he is sick through treatment and 
cure. by Lewis Inman Sharp. 

CONDITIONED’ REFLEX TREATMENT OF CHRONIC 
ALCOHOLISM. Its place among methods of treatment today, 
its development and correlation with personality factors. by 
Walter L. Voegtlin. 

INSTITUTIONAL FACILITIES FOR THE TREATMENT OF 
ALCOHOLISM. Comparative differences, in drinking, with the 
last century, new establishments and methods of treatment, lack 
of trained personnel. by E. H. L. Corwin. 


AMERICAN MEDICAL ASSOCIA 
N. DEARBORN ST., CHICAGO 10, ILLINOIS 
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«REQUESTS 


“logger who rafts logs in a “boom” 


prescribe PARAFON in low back 
—sprains—strains—rheumatic pai 


Each PARAFON tablet contains: 3 
PARAFLEX Chlor/oxazonet .......125 
A most effective oral muscle relaxant 
TYLENOL Acetaminophen ........300 
A preferred analgesic for painful 
musculoskeletal disorders 

Dosage: Two tablets t.i.d. or q.i.d. 


Supplied: Tablets, scored, pink, bottles of | 


mg., TYLENOL® Acetaminophen 300 
and prednisolone 1.0 mg. 


bottles 


Precautions: Vhe precautions and cont 
indications that apply to all steroids shou’ 
be kept in mind when prescribing PAR AFo 
WITH PREDNISOLONE, 


even if your patient 1s a boom rat 
he'll be pulling down his pay again soon thanks 
muscle relaxation plus analgesia 
— 
Each PARAFON WITH PREDNISOLONE tablet 
Laboratories, Inc Philadelphia 32, Pa. Trademark tU.S. Patent Pending 


